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Ivo  distinct  asaljtical  techniques  were  used  to  develop 
sodels  to  iorecast  the  nuahec  of  high  quality  nonfcioc 
service  tales  enlisting  acnthly  in  the  a.S.  Navy  on  a 
zeccoiting  district  level.  The  Box-Jenkins  aethodology  vas 
applied  to  a  acnthly  tiae  series  of  enlistments  for  the 
peried  Octeher  1978  tc  Septeoher  1983.  A  multiple  regression 
causal  mcdel  vas  developed  based  on  the  explanitory  vari¬ 
ables:  numbers  of  unemployed,  change  in  the  rate  cf  unem- 
ployiect  and  military/civilian  pay  ratio.  A  combined  tine 
series/causal  model  was  developed  by  applying  the 
Eoz-Jeckins  technique  to  the  residuals  of  the  multiple 
regression.  These  models  sere  compared  for  predictive 
validity,  fiecomiendations  for  farther  development  of  mcdels 
containing  explicit  time  series  elements  are  presented. 
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i.  £SC61£H 

Cuxc€Ot  oilitarj  policy  includes  an  expansion  of  the 
Navy  trcu  the  present  level  cf  approxiaately  500  ships  to 
apprcxiaately  600  ships  by  the  end  of  the  decade.  Ibis 
expansion  is  being  conducted  at  a  tiae  uhen  the  pciaacy 
recruiting  pool,  17  -  21  year  old  aales,  is  declining.  Ihere 
are  tvo  avenues  which  aust  be  pursued  to  prevent  a  short 
fall  in  personnel  to  aan  the  expanding  fleet.  First,  the 
Navy  inst  retain  high  quality  personnel  and  secondly,  the 
Navy  Bust  recruit  sufficient  nuabers  of  high  quality 
personnel  to  replace  attritions  and  siaultaneously  aeet  ever 
incceasirg  xanpower  requireaents. 

It  is  not  enough  just  to  recruit  wars  bodies  to  fill 
vacancies.  The  ability  cf  the  haerican  serviceaan  to 
adequately  operate  and  aaintain  equipaent  of  increasing 
sophistication  has  been  widely  debated  in  Congress  and  the 
press.  Stories  abound  of  the  expected  deterioration  cf 
equipaent  readiness  during  periods  of  increased  tensions  in 
the  event  cf  the  loss  of  civilian  personnel.  To  aaintain  an 
effective  force,  the  Araed  Services  aust  be  able  to  operate 
and  aaintain  its*  equipaent  independent  of  nonccabatant 
civilian  technicians.  In  order  to  achieve  this  goal, 
perscnnel  with  the  ability  to  learn  the  operation  and  aain* 
tenance  of  ever  acre  sophisticated  equipaent  aust  be 
obtained  and  retained. 

Cnc  avenue  proposed  to  alleviate  a  aanpower  shortfall  is 
an  expanded  role  for  woaen  in  the  Araed  Forces.  This  would 
seea,  cn  the  surface,  to  be  a  viable  solution  to  the  prcblea 
since  woaen  have  been  historically  less  expensive  to  recruit 


and  letaio  than  icn  of  ccapacable  quality  £Be£.  1]. 
However/  the  Navy  is  j^iecluded  iron  taking  full  advantace  of 
this  source  of  canpewer  due  to  public  law  precluding  the 
peroanent  assignnent  of  wonen  to  conbatant  ships.  This 
requires  focusing  the  recruiting  effort  towards  high  quality 
ren.  The  definiticn  of  "high  quality"  has  been  widely 
debated.  For  the  purposes  of  this  study/  "high  quality"  will 
he  defined  as  high  school  graduates  in  Mental  Groups  I 
through  III  upper  as  measured  by  test  scores  on  the  Aried 
Forces  Vocational  Battery  of  tests  (ASViB)  . 

E.  ICCCS 


-J 


This  thesis  is  concerned  with  developing  a  model  to 
forecast  the  number  of  high  quality  nonprior  service  rales 
siqning  contracts  on  the  recruiting  district  level.  The 
dependent  variable  is  net  contracts  signed:  CHTBCTS.  Values 
of  this  variable  are  determined  by  subtracting  Delayed  Entry 
frogram  (DEB)  attrites  daring  the  month  of  attrition  from 
contracts  signed  during  the  same  month. 

Three  approaches  to  forecasting  CtllBCTS  are  taken. 
First/  the  Box'* Jenkins  methodology  is  applied  to  a  sccthly 
time  series  of  the  net  number  of  nonprior  service  high 
school  graduate  males  signing  contracts  in  the  Albuquerque 
New  Eexico  recruiting  district  during  the  period  October 
1978  to  Eeptember  1983  (60  data  points).  This  methcdclcgy  is 
explained  in  detail  is  Appendix  A.  The  second  approach 
utilises  "best  fit"  lagged  variables  in  a  block  regression 
format  to  provide  a  causal  model  using  economic  data/  the 
number  of  production  recruiters  and  military/civilian  pay 
ratio  as  explanitory  variables.  The  third  procedure 
combines  the  causal  icdel  and  the  Box-Jenkins  methodology  in 
a  mixed  time  series/causal  model  to  attempt  to  provide  acre 
accurate  forecasts. 


V>  Vi  ! 


C.  IfK  IlflBOIIIlT 


Ikis  thesis  Mill  Aiait  the  scope  of  study  to  a  single 
zecruitiog  district.  It  is  hypothesized  that  better  esti- 
■atee  of  the  effects  of  changing  econosic  factors  and  the 
effects  cf  the  variation  in  the  nusber  of  production  recrui¬ 
ters  kill  te  ottaired  at  this  level  than  on  a  national 
scope.  During  any  change  in  the  general  trends  of  the 
natien's  eccnosy#  local  conditions  are  apt  to  vary  consider¬ 
ably  fics  recruiting  area  to  recruiting  area.  It  say  be  that 
the  eccnciic  trends  in  a  particular  recruiting  district  are 
in  direct  epposition  tc  those  on  the  national  level.  Ihile 
goals  and  guotas  are  specified  at  a  national  level,  recruit- 
tent  cf  individuals  occurs  at  the  district  level.  The  Navy 
Necruiting  Cosaand  (NfiC)  allocates  a  fraction  cf  the 
national  gucta  to  each  of  the  Navy  Recruiting  Areas  (NRA) . 
The  six  NBl*s  in  turn  allocate  fractions  of  their  guota  to 
each  Navy  Recruiting  District  (NRD)  uithin  the  area. 
Ristcrical  enlistsent  rates  and  differences  in  regional 
populaticn  are  priiaiy  deteriinants  of  guota  allccaticn, 
although  econosic  ard  deaographic  factors  are  also  taken 
into  consideration  £Be£.  2].  Inforsation  obtained  froi  a 
regional  study,  through  a  better  understanding  of  the  inter¬ 
acting  processes,  say  be  of  lore  practical  value  in  allo¬ 
cating  recruiting  resources  for  saxisus  benefit,  and  in  acre 
eguitably  assigning  recruiting  goals. 

Ibe  recruiting  district  chosen  for  study  is  the 
Albugucrgue,  Neu  Mexico  recruiting  district.  This  district 
Mas  chesen  at  random  iroa  the  44  recruiting  districts  nation 
vide.  Ibis  district  encoapasses  the  entire  state  of  New 
Mexico,  the  panhandles  of  Texas  and  Oklahoaa  as  veil  as 
seven  counties  in  south  uestem  Kansas.  In  general  this 
district  experienced  an  increasing  work  force,  increasing 
uneaplcyient  and  a  significant  variation  in  the  nuiber  of 


froducticD  recruiters  duriag  the  period  of  study.  Afyecdix  B 
contains  the  tine  series  plcts  of  the  variables. 

Eackgrcund  denographic  factors  for  the  area  that  are  cf 
interest  are  as  follcvs.  Ihe  average  per  capita  incoae  for 
the  state  cf  New  Beaico  in  1979  was  $  6119,  43  rd  in  the 
naticr.  Ihe  popuiaticn  in  1980  was  75X  White,  2%  Black  and 
8X  Anerican  Indian.  37X  of  the  population  was  of  Spanish 
crigis.  139  of  the  popuiaticn  was  between  18  and  24  years 
cld  ££ef.  3j. 
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II.  k  mm  Qi  m  fuuABi  s^iiz 


1.  CIElllG  (1979) 


Id  his  thesis  os  the  supfly  o£  first  term  enlistees  to 
the  Onited  States  Harine  Corps,  Darling,  £Be£.  4],  provides 
a  detailed  review  of  the  literature  on  the  supply  scdels 
developed  fioa  the  Gates  Coanission  (Hoveaber  1970)  to  the 
publication  of  bis  thesis  (Barch  1979) .  The  following 
review  will  cover  the  pertinent  literature  conaencing  with 
Carling's  work. 

Darling  used  two  distinct  analytical  technigues  to 
develcp  acdels  in  crder  to  forecast  aonthly  first  tera 
enlistees  in  the  Onited  States  Marine  Corps.  A  aultiple 
regressicn  aodel  was  derived  based  on  it's  coapatibility 
with  his  theory  of  occupational  choice,  the  intuitive  appeal 
of  certain  explanatory  variables,  the  past  literature  of 
aanpower  supply  and  the  statistical  significance  of  each 
variables  iapact  on  aonthly  enlistments.  The  data  base 
utiljxed  was  a  tiae  series  of  aonthly  enlistments  spanning 
the  period  froa  July  1973  to  June  1978. 

for  his  aultiple  regressicn  aodel.  Darling  chose  as  the 
dependent  variable;  aonthly  cbservations  of  the  ratio  of 
sale  ncnpricr  service  high  school  graduates  enlistirg  ir  the 
regular  Barine  Corps  to  aale  high  school  graduates,  aged  16 
to  24,  net  enrolled  in  college  (S) .  Darling  chose  as  the 
independent  variables:  (1)  Civilian  -  Military  pay  ratio 
(CMPB),  (2)  a  deseasenalized  estimate  of  the  national  unea- 
ployient  rate  for  persons  aged  16  to  19  (OBEM) ,  (3)  the 
aonthly  nuater  of  qualified  leads  obtained  froa  postcards 
which  were  included  is  the  national  printed  media  advertise- 
aents  (LEADS),  (4)  a  duaay  variable  to  correct  for  the 


atnoifally  large  nuiler  of  eallstments  in  the  sceth  of 
Ceceihcr  1976  to  take  advantage  o£  the  expiring  GI  Bill  (CJ) 
and  (E)  the  nunher  cf  Marine  recruiters  on  duty  each  oonth 
(EFFEEC)  .  Bis  initial  hypothesis  was  that  the  nuithei  o£ 
conthly  enlistaents  is  dependent  on  the  above  indepeedent 
variables  in  the  £unctional  £ora  of  a  logistic  oodel: 


5=  ^♦exp  [-(B^^E^CMtl 


♦  B«LFffiEC  ♦E,01iIM  LEADS  ♦B^DJ  ♦ 

2  3  4  5 


a)])  - 


Only  these  regular  enlistaents  of  aale  high  schccl  grad¬ 
uates  in  the  top  two  aental  groups  were  considered  tc  ensure 
that  the  chserved  luaher  of  aenthly  enlistaents  was  not 
restricted  hy  Marine  Corps  policy  (deaand  driven)  and  was 
therefore  an  accurate  representation  of  points  on  the  supply 
curve.  Ill  the  independent  variables  listed  above  (except 
CJ)  were  lagged  frex  one  tc  six  aonths  and  regressions  were 
run  tc  discover  those  variables  that  significantly  contrib¬ 
uted  tc  the  pattern  of  enlistaents  and  to  ascertain  the 
apprexiaate  delay  in  the  iapact  on  contracts  signed  of  a 
change  is  the  value  of  one  of  the  variables.  The  final 
regression  eguation  selected  was  based  on  the  intuitive 
appeal  cf  the  regression  eguation  and  the  statistical 
significance  of  the  results.  The  best  fit  eguation  was 
deteriined  to  be: 

Lli/S\  =  -2.669  -5.647  CBFB5  ♦1.00  UNEM  ♦  0.672  DJ 


where  : 


CHIfS 


«  the  enlistient  rate 

s  civilian  -  lilitary  pay  ratio 
lagged  five  aonths 


OBEB  >  ureaplcyaent  with  so  lag 

DJ  s  duaay  variable  for  Ceceaber,  1976 


16 


a  ~  random  error. 

all  independent  variables  were  reported  to  be  signifi¬ 
cant  at  the  10X  level  with  a  coefficient  of  determination, 
B-sguared  valae,  of  .42.  Of  significance  is  tie  exclusion 
of  the  variable  representing  recruiters.  Darling  reported 
that  when  this  variable  was  forced  into  the  regression  equa¬ 
tion,  its*  regression  coefficient  was  never  statistically 
different  from  zero.  Darling  also  reported  a  Di rbin-Batson 
statistic  of  1.08,  indicating  a  positive  serial  correla¬ 
tion  among  the  residuals.  He  felt  that  this  was  probably  due 
to  the  lack  of  an  attempt  to  explain  the  seasonal  nature  of 
Marine  Corps  enlistments  to  this  point  in  his  study.  In  an 
attempt  to  correct  this  problem,  the  Box-Jenkins  methodology 
was  applied. 

Deurling  utilized  the  data  from  the  multiple  regression 
model  in  a  Box-Jenkins  procedure  to  arrive  at  a  final  model: 

.8042511^.-1  095902  ♦e,-.  47  8727eT.,2 

Where  Y  was  the  number  of  male  high  school  graduates  in 
mental  groups  I  and  II  who  enlisted  in  month  t  and  e  was 
the  error  term.  Utilizing  this  model,  he  conducted  two 
forecasts  with  varying  degrees  of  success.  The  first  fore¬ 
cast  conducted  incorporated  the  abnormally  higi  enlistment 
month  of  December  1976.  This  resulted  in  the  distortion  of 
the  forecasts.  For  the  second  forecast,  not  iicorporating 
December  1976,  the  pattern  of  enlistments  was  well  repre¬ 
sented  by  the  model. 

Darling  concluded  his  thesis  by  combining  the  two 
methods  in  applying  Box-Jenkins  to  the  residuals  of  the 
multiple  regression  analysis  as  if  they  were  an  original 
tine  series.  He  then  used  this  combined  model  to  forecast 
Marine  enlistments  with  a  greater  degree  of  accuracy  than 
with  either  model  individually. 
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E.  IIIE  AVC  6ILB0Y  (1983) 


Cal€  aod  Gilroy  ir  two  studies  of  the  econoaic  deterii- 
cants  of  lilitary  enlistnent  rates  [Be£»  5  and  6]  utilized  a 
regression  eguation  to  forecast  enlistaent  rates  cf  sale 
high  schccl  graduates  in  aental  groups  I  through  III  upper 
for  the  Any.  The  dependent  variable  was  total  contract 
signers  divided  hy  the  relevant  civilian  population  cf  16  to 
19  year  elds.  Iheiz  basic  equations  were  estisated  with  a 
linear  functional  icra  using  generalized  least  squares, 
correcting  for  the  presence  of  first  order  autocorrelation. 
Iheir  equation  fer  all  sales  was: 

A/P  *  -1«€€.90  ♦  16-29  OH  ♦  3.77  DH-2  ♦  4.59  DM-tt 

*  40.89  94  *  213.07  Bill  *  408.40  VEAP 

*  6.26  KICK  ♦  €4.65  Q3 

*  819.73  GI  ♦  148.38  lABGEI  -  0.00  BECBIfi 

where: 

A  s  Arsy  accessions  plus  OEP  of  sale 
NES  high  school  grads  in  aental 
groups  I  through  III  upper. 

P  s  Sevelant  sale  population  of 
16  to  19  year  olds. 

UH  =  Current  uneiploysent  rate  of 
16  to  19  year  olds. 

0H>2  ~  OK  lagged  two  aonths. 

UK-4  3  OK  lagged  four  months. 

94  s  Batio  cf  first  year  basic  ailitary 
ccapensaticn  to  average 
weekly  earrings  in  the  private  sector, 
with  a  four  aonth  lead. 

GI  s  Ouaay  variable  »  1  in  Deceaber,  1976  when 


16 


G1  Bill  cxficed,  and  =0  everywhere  else. 

Bill  •  Haxiaua  nontbly  benefit  for  a  GI  bill 

beneficiary'  without  defendants,  deflated 
by  the  consuaer  price  index.  Variable 
is  set  to  xero  after  Oeceaber,  1976. 

VEil  s  Naxiaua  aonthly  benefit  for  a  VEAP  beneficiary 
without  dependents  ,  deflated  by  the  consuier 
price  index.  Variable  is  set  to  zero  before 
January,  1S77. 

KicA  «  Haxiaua  value  of  kicker  payaent  (offered 

cnly  tc  Any  enlistees  who  entered  critical 
specialties  in  coabat  aras)  deflated  by 
the  consuaer  price  index. 

TAECfl*  Einary  variable  »  1  froa  lloveaber,  1979  to 
August  1981  when  high  school  grads  were 
specifically  targeted,  and  0  elsewhere. 

Q3  »  Seasonal  doaay  variable  »  1  in  July,  August 
and  Septeaber,  and  »  0  elsewhere. 

B£CE1B»  Nuaber  of  production  recruiters. 

As  with  Darling's  work,  of  soae  interest  is  the  insig¬ 
nificant  statistical  results  for  the  nuaber  of  production 
recruiters.  Dale  and  Gilroy  do  not  conclude  that  recruiters 
are  uriaportant,  bet  that  the  variation  in  the  cuaber  of 
producticn  recruiters  has  net  been  large  enough  to  shew  any 
correlation  with  enlistaent  rates.  They  include  the  variable 
"TABGll”  as  a  proxy  for  the  recruiters*  efforts. 

In  their  study  they  deterained  that  a  rise  in  the  unea- 
ployaent  rate  of  16  to  19  year  old  aales  led  to  a  signifi¬ 
cant  increase  in  Asay  enlistaents  and  that  a  drep  in 
national  uneaployaent  froa  ten  percent  to  nine  percent  would 


IS 


cause  Any  eslistments  a£  sale  sospcioi  service  high  schcol 
graduates  to  fall  hy  about  8.8  percent.  They  project  that 
the  elasticity  of  total  Aray  enlistment  rates  with  respect 
to  relative  pay  is  it  the  range  of  .9  to  1.7  percent  for 
mental  groups  I  to  III  upper.  They  concluded  that  a  rela* 
tive  decrease  in  military  pay  of  one  percent  in  relation  to 
civilian  pay  would  cause  enlistment  rates  to  fall  substan¬ 
tially.  Also,  they  found  a  statistically  significant 
increase  in  the  rate  of  enlistments  during  the  period 
November  1S79  to  Augcst  1981  when  the  Army  was  committed  to 
increasing  the  percentage  of  high  school  graduates. 
Finally,  they  concluded  that  educational  benefits  are  very 
important  to  many  high  school  graduates,  including  those  in 
the  highest  mental  groups. 

C.  GCICIEfifi  ABO  GfiEEiSIOB  (1963) 

Goldberg  and  Greenston  £fief.  7]  provided  a  progress 
report  on  on-going  time  series  cross-sectional  analysis 
research  into  the  determinants  of  high  guality  enlisted 
supply.  They  contended  that  utilizing  a  regional  data  base 
rather  than  a  national  approach  peraited  more  aocurate 
modeling  of  demographic  factors  and  produced  better  esti¬ 
mates  of  the  effects  of  changing  labor  market  conditions. 
Ihey  asserted  that  by  utilizing  a  regional  approach,  a 
greater  capability  to  optimize  the  allocation  of  goals, 
recruiters  and  advertising  is  achieved. 

A  regression  analysis  was  used  to  estimate  the  effects 
of  supply  factors  cn  the  number  of  contracts  signed  by 
nonprior  service  sale  high  school  graduates  for  each 
service.  Annual  data  for  the  time  period  1976T  to  1982, 
using  43  Navy  recruiting  districts  as  units  of  observation, 
was  evaluated.  Sepcrate  regression  models  were  developed 
for  mental  groups  1  to  III  upper  and  mental  group  III  lower. 
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Ihsy  3ssiiii€d  the  suffly  of  HSDG  confrdcts  iQ  d 
district  to  be  a  leg-linear  function  cf  supply  factors  in 
the  fern  of: 

Ln  B  =  1.51  ♦  .75  IBPAI  ♦  .05  HONEM  ♦  .15  LAVG 
-  0.26  VEA£  ♦  0.43  IJOP  -  0.0089  BLK 
♦  .0023  UB£AN  ♦  0.58  LNBEC  ♦  error  tern 

fiber  € : 

LB  PAY  *  Icgarithe  cf  regular  military  conpensation 
c»er  a  four  year  period,  divided  by  full 
time  eguivalent  earnings  of  civilian  youth. 
Military  and  civilian  earnings  are  discounted 
at  30  percent.  Civilian  earnings  are  aged 
with  data  cr  median  veeAly  earnings  of  16 
tc  19  year  elds. 

fiOBEM  *  Change  in  the  unemplcyment  rate  for  all 
civilians. 

LAVG  »  icgaritbm  cf  the  average  unemployment  rate 
fer  all  civilians  in  ft  1976-82. 

VEAP  =  Eummy  variable  egual  to  zero  in  FI  19761 
and  one  in  FI*s  1977-82.  It  measures 
the  net  effect  of  the  change  over  from 
the  61  Bill  to  YEAP. 

LPCP  *  Lcgarithm  cf  a  district’s  17  to  21  year  old 
male  population  in  thousands. 

BIK  =  percent  of  a  district's  17  to  21  year  old 
male  population  that  is  black. 

OPCP  =  Percent  of  a  district’s  17  to  21  year  old 

male  population  that  resides  in  a  urban  area. 

LNBEC  *  lcgarithm  cf  Navy’s  production  recruiters. 
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Id  the  results  ci  their  firdisgs  fox  mental  gioupe  i 
through  III  upper^  they  concluded  that  relative  ailitaxy 
cyclical  uneaplcyaent^  total  population^  urban  mix  and 
xecruitexs  increase  enlistments,  while  black  populaticx  and 
the  less  of  the  GI  Bill  cause  enlistments  to  decline.  They 
determined  that  a  one  percent  increase  in  relative  military 
pay  would  cause  an  increase  of  Navy  enlistments  cf  0.75 
percent  and  that  a  one  percent  increase  in  the  unemplcyment 
rate  would  increase  enlistments  by  between  4.3  and  5.1 
percent.  Although  they  indicated  that  their  results 
utiliming  regional  unemployment  were  inconsistant,  it 
appeared  that  ir  general  a  rise  in  regional  unemplcyment 
caused  a  rise  in  enlistments  is  the  region. 

They  found  that  the  loss  of  the  GI  Bill  caused  a  decline 
in  the  supply  of  target  candidates  of  26  percent  to  the 
Navy.  They  additionally  determined  districts  having  greater 
population  tended  to  have  more  recruiters  resulting  in  their 
separate  effects  being  difficult  to  measure.  They  did  deter'* 
mine  that  a  doubling  cf  recruiters  and  population  results  in 
slightly  more  than  a  doubling  of  enlistments,  and  that  a  one 
percent  rise  in  the  urban  population  increased  enlistments 
by  one  tc  two  tenths  cf  a  percent.  Overall,  they  ccncluded 
that  the  research  approach  using  annual  time  series,  cross- 
secticnal  data  was  fruitful  and  that  additional  research 
will  enhance  the  usefulness  of  this  model  for  forecasting 
and  pcJicy  analysis. 
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Ill-  IltLICATlCB  CP  BOX-JEMKIMS 


1.  1IAIIS12  STEP  OIE 

Ib€  Box-Jenkins  aethodology  was  ajpplied  to  a  occtbly 
time  series  of  rosprior  service  high  school  graduate  rales 
signisg  contracts  in  the  Albuguergue,  New  Eexico  recruiting 
district  during  the  period  October  1978  to  September  1983 
160  data  points) .  Ihe  data  was  limited  to  those  contract 
signers  in  mental  grcups  1  through  III  upper  and  represented 
net  ccntracts  signed^  that  is  new  contracts  signed  less 
Belayed  Entry  Program  (CEP)  attrites.  Figure  3.1  is  a  time 
series  plot  of  this  data.  This  plot  suggests  strong  season¬ 
ality  in  the  number  ci  high  guality  male  enlistes  with  peaJc 
months  appearing  to  be  in  late  summer^  predominately  August, 
and  in  January.  An  "average”  year  was  constructed  by  aver¬ 
aging  tie  individual  months  over  the  five  year  pericd. 

Figure  3.2  is  the  time  series  plot  of  this  average  year.  Ihe 
average  for  each  month  is  denoted  by  the  letter  "A".  Also 
depicted  in  the  graph  is  the  average  of  the  contracts  signed 
in  the  first  three  years  of  the  data  series  denoted  by  ”1” 
and  the  average  of  the  last  two  years  denoted  by  ”2”.  Ihe 
average  cf  all  the  years  ,”A”,  tends  to  support  the  assump¬ 
tion  cf  seasonality  suggested  in  the  time  seris  plot  cf  the 
data  set.  however,  in  the  plot  of  the  last  two  years  alone, 
the  suggestion  for  seasonality  is  not  as  clear  which  would 
tend  to  indicate  that  some  process  change  has  taken  place. 

Cf  seme  interest  is  the  apparent  sudden  increase  in  the 
mean  number  of  contract  signers  over  the  approximate  last 
third  cf  the  series.  Further  analysis  indicates  that  for  | 

the  time  series  as  a  whole  the  mean  number  of  ccntracts 
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signed  per  month  was  49.07.  For  the  approximate  first  two 
thirds  of  the  series  the  mean  was  42.  83  and  for  the  approxi¬ 
mate  last  third  the  mean  was  62.53.  Because  of  this  unusual 
pattern,  two  additional  time  series  plots  were  constructed 
for  this  data.  The  first  was  a  time  series  pLot  for  the 
first  forty  one  data  points  (October  1978  to  February  1982), 
figure  3.3,  and  the  second  was  for  the  last  nineteen  data 
points  (March  1982  to  September  1983),  figure  3.1.  Although 
no  obvious  trend  is  apparent  in  either  data  subset, 
both  figures  do  provide  some  indication  of  seasonality. 
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Figure  3.2  Average  Recraiting  Tear. 


Ihe  text  Stef  io  develofirg  the  models  tor  high  guality 
xecruitnent  was  to  flot  the  autocorrelations  for  the  data 
sets.  Figure  3.5  ie  the  autcccrrelation  plot  dewelcfcd  by 
the  BinitaJ:  general  futpose  statistical  computing  system  for 
the  period  October  1S78  to  September  1983.  An  examination  of 
these  autocorrelatiors  indicate  that  non-stationary  behavior 
in  the  process  level  (a  trend)  is  evident  in  the  the  data. 
Ihe  evidence  of  such  behavior  is  indicated  by  having  auto¬ 
correlations  which  dc  not  die  cut  rapidly  to  zero.  Although 
the  autocorrelations  for  this  data  indicates  a  general  trend 
in  the  data,  the  ties  series  plots  and  the  mean  difference 
in  the  two  data  subsets  tend  to  suggest  not  an  overall 
trend,  hut  a  sudden  and  sustained  overall  increase  in  the 
number  cf  contracts  signed  by  the  target  cohort.  Ihis  ray 
be  caused  by  soxe  yet  to  be  determined  external  influence. 
An  evaluation  of  this  sudden  and  sustained  increase  in 
contract  signers  will  be  addressed  in  Chapter  Four. 

Iwc  separate  courses  of  analysis  were  pursued.  First,  in 
the  event  that  the  cause  of  the  sudden  increase  in  the  mean 
could  not  be  identified  and  Quantified,  a  model  which  was 
adequate  tc  describe  the  data  set  as  a  whole  was  sought. 
Second,  in  the  event  that  the  cause  could  be  identified, 
its*  affect  quantified  and  any  future  occurrance  predicted, 
a  single  mcdel  which  satisfactorily  described  the  underlying 
data  patterns  of  each  subset  around  their  mean  was  sought. 
If  the  cause  of  this  sudden  change  could  be  detersired  or 
contrclled,  then  the  second  model  could  possibly  be  used  to 
more  acccrately  forecast  future  contract  signers. 
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fignzc  3.3  Hoatlilj  Ccatzacts  (Oct  76  •  Feb  82). 

£.  iOICCOlfSLAllOVS  Jli)  FABZllb  AOTOCOfifiEIAZIOHS  IXAHIMSD 
!•  Cctcber  J928  Sept^iteg  1983 

Is  evidenced  bj  figure  3.5,  there  is  a  suggested 
trend  for  this  data  set  due  to  the  increase  in  the  scan 
nunber  of  ccntracts  signed.  As  the  Box-Jenhins  aethodclogy 
leguires  stationary  data  to  be  effective,  differencing >  was 
used.  Ihis  data  set  vas  differenced  once  and  the  resulting 
autoccrielations  and  partial  autocorrelations,  as  lepre- 
sented  iz  figures  3.€  and  3.7,  were  ezaained. 


^Cifferepcing  is.  accoaplishfd^b^^subtraptibg 


the  fifst 
the  third 


value  frci  the  second,  t^e  Aecon4  frba  the  third,  _ 

from  the  fourth,  etc.  Differencing  is  the  nost  rapid  sethod 
cf  reaeving  a  trend  frea  a  tine  series  [fief.  81. 
' -  aay  be  perforaed  once  or  more  in  ozdec  to 


Differencing  aay 
reaove  the  trend, 
adeguate. 


however  differencing  once  is  usually 
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Boatiily  Contcacts  (flac  1982  tc  Sep  1963). 

Ihree  statl£ticall j  significant  data  points  are 
observed  in  figure  3.£:  the  first,  the  twelfth  and  the  thir** 
teentt.  Cwerall,  this  plot  suggests  that  the  trend  has  been 
reaoved  and  that  only  horizontal,  stationary,  data  reaaiss. 
Ihe  stroig  positive  autocorrelation  at  the  twelfth  period 
supports  the  seasonality  suggested  by  figures  3.1  and  3.2 

2-  Cctcber  197€  tg  ZS^£SM£X  liH  March  J982  to 

Sf pteabep  J9JJ 

Figures  3.8  through  3.11  are  the  autocorrelations 
and  partial  autocorrelations  for  the  periods  October  1978  to 
February  1962  and  March  1982  tc  Septeaber  1983  respectively. 
Ihese  plots  suggest  that  both  subsections  of  the  data  set 
are  trendless,  with  a  suggestion  of  seasonality  evident  only 
in  the  October  1978  tc  February  1982  data.  Identification 
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and  €£tication  of  tf€  seasonal  nature  of  these  two  subsets 
is  vex^  difficult  because  of  tbe  brevity  of  the  tine  secies. 
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Figaz«  3.11  PiBTlJI  AOTOCOfifiEIAIIOMS  (BAB  82  •  SE£  83). 

C.  BCCll  DEfBAOEHEII 

Ic  cciifaiing  th«  autocozzelations  and  partial  autcccrze- 
laticns  1o  the  varicus  ABBA  aodels  in  figures  A. 5  through 
A. 13#  a  loving  average  lodel  is  suggested  for  the  data  set 
for  Cctchcr  1976  tc  Septeiher  1983  as  well  as  fcr  each 
subset  of  the  data.  Bcvever#  which  particular  BA  aodel  would 
best  describe  the  underlying  data  pattern  in  each  case  is 
unclear. 

C<;t9beir  197S  la  Septeiber  1983 

laking  into  consideration  the  apparent  seasonality 
of  the  data  set#  tbe  apparent  trend  in  the  data  anc  the 
uncertainty  as  to  which  specific  BA  lodel  would  be  acst 
appropriate  #  two  nodels  were  developed  for  evaluation  based 
cn  a  visual  inspecticn  of  the  autocorrelations  and  partial 
autcccr relations. 
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a.  first  Orders  Seasonal,  Moving  Average  Model  uitli  the 
fori: 


Xt-V,  =  (ego  3.1) 

1.  Second  Crdei,  Seasonal,  Moving  Average  Model  with 
the  fora: 


(l-0,^B‘2)e,  (eqn  3.2) 


ihere  e  is  the  error  tern. 

I.  Cctcber  1978  is  February  1982 

In  developing  the  acdels  to  be  tested  for  this  data 
subset,  the  absence  of  an  apparent  trend,  the  suggested 
seasonality,  and  the  uncertainty  as  to  which  particular 
loving  average  aodel  would  best  describe  the  underlying  data 
patterns  were  taken  into  consideration.  Two  aodels  were 
selected  for  evaluaticn  based  on  a  visual  inspection  cf  the 
autoccrrelations  and  partial  autocorrelations. 

a.  first  Order,  Seasonal,  Moving  Average  Model  with  the 
fcri: 


V  *  0-e.B)  (1-e,iB»»)e^  (eqn  3.3) 

b.  Second  Order,  Seasonal,  Moving  Average  Model  with 
the  fora: 
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(i-e,B-e,E2)  (1-  e,^£»*)e. 


(ego  3. a) 


Y-  = 


tihere  e  is  the  erroi  term. 

3.  £S££h  J9  62  tc  Septeahex  1983 

In  developing  the  aodels  to  be  tested  fox  this  data 
subset,  the  absence  of  an  apparent  trend,  insufficiext 
length  in  the  tine  series  to  exhibit  seasonality,  and  the 
uncertainty  as  to  iihich  particular  aoving  average  xodel 
would  best  describe  the  data  patterns  were  taken  into 
considexaticn.  Twc  oodels  were  selected  for  evaluation 
based  on  a  visual  inspection  of  the  autocorrelations  and 
partial  autocorrelations. 

a.  first  Order  Koving  Average  Model  with  the  forn: 


l^*(1-0.B)eT 


(eqn  3.5) 


b.  Second  Order  foving  Average  Model  with  the  forn: 


Yt  =(1-  0.E-  Qy)er 


(egn  3.6) 


ihere  e  is  the  errox  tern. 

C.  ECCII  EfALOAlIOl 

Ihe  aodels  developed  were  evaluated  utilizing  the 
Hinitab  general  purpose  statistical  coaputing  systea  cciaand 
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"ARIBi"  (autoregressive  Integrated  (loving  Average).  2  In 
order  for  a  model  to  be  considered  adequate  the  residuals 
(errors)  of  the  estimates  generated  by  the  model  vculd  be 
required  to  be  randci  (unccrrelated)  with  a  mean  of  zero. 
If  each  of  the  models  developed  for  each  specific  data  set 
satisfied  this  reguiiement,  the  sum  of  squared  errors  and 
the  I-ratics  for  each  model  would  be  examined  to  determine 
the  nest  appropriate  lodel.  The  results  of  this  evaluation 
are  contained  in  Table  I. 

£.  BifOIlS  OP  Tfl£  BCIEI  EfllOlTlOH 

1,  Cctcber  J92fl  to  September  1983 

As  evidenced  by  table  I,  both  models  corsicered 
satisfied  the  requircient  of  random  residuals.  There  exists 
little  difference  betneen  the  two  models  to  suggest  which  is 
the  more  appropriate «  although  confidence  in  the  second 
model  is  reduced  by  the  low  T-ratio  for  the  HA (2)  operator. 
In  this  case  the  principle  of  parsimony^  was  invoked  and  the 
selected  model  was  the  I1A(1)  with  the  form: 


lLr  =  (1-.6il4B)  (  1+.  448812)  ey 


(eqn  3.7) 


(.101)  ('It^)  std.  error 


2lbe  concepts. and  notatxgns  used  by  this  con mand. fellow 
the  ones  developed  py  Box  and  Jpnkins.  The  values  of  (h  ana  9 
are  determined  utilizing  a  nonlinear  least  squares  algorithm 
developed  by  Marquart.  The  AEIHA  command  fits  non'-seasonal 
and  seescnal  models  to  a  tine  series  with  input  consisting 
of  a  stored  time  series  and  information  as  to  the  degree  or 
the  AE,  BA  or  ARHA  model  to  be  fitted  £Bef.  9]. 

3lh6  principle  of  parsimony  cautions  to  attempt  to  use 
the  smallest  possible  nunbec  or  parameters  which  represent 
the  ncdel  adequately  £Be£.  lO]. 


2.  Cctcber  J928  is  February  1982 

Ibe  two  models  selected  for  this  data  subset  were 
run  with  results  displayed  in  Table  I.  The  residuals  for 
both  models  met  the  randomness  requirement,  however  the  low 
T-ratics  for  the  non-seasonal  coefficients  in  both  models 
was  less  than  encouraging.  As  a  result  of  these  low 
T-ratios,  another  model,  SM1(1),  was  attempted.  This  model 
has  the  form: 

Yt  =  0  ♦(!-  0.»E‘*)€t  (egn  3.8) 

An  ezaminaticn  of  Table  I  for  this  data  set  indi¬ 
cates  little  to  distinguish  one  model  from  another  in  terms 
cf  mere  adequately  describing  the  data  patterns.  Again  the 
rule  of  parsimony  was  used.  The  model  selected  was  the 
£I1A(1)  mcdel  with  the  form: 

Y  =  «2.4€  ♦  (U.77€B»2)eT  (egn  3.9) 

(1.78)  (•2C3)  std.  error 

2-  Barch  1982  tc  Sente mbe^  1983 

Here,  again,  each  model  selected  for  evaluation 
satisfied  the  requirement  fer  random  residuals.  The  signifi¬ 
cant  difference  between  these  two  models  is  in  the  residual 
sum  cf  squared  errors,  where  the  HA (2)  model  is  clearly 
superior  to  the  I]A(1)  model.  Also  encouraging  is  the  signif¬ 
icant  T-zatio  exhibited  by  the  HA (2)  coefficient  in  the 
second  mcdel.  The  mcdel  selected  for  forecasting  curcoses 


y  =  62. S5  ♦  ( l-.25CB-.745B2)eT 


(€gc  3.  10) 


(C.23)  (.2C£)  (.206)  std.  error 


I.  ICfiKASllNG  Blia  IBS  SEIECIED  BODELS 

Iatl€  II  and  figures  3.12  through  3.15  represent  the 
results  ci  the  forecasts  of  the  selected  models.  The  actual 
values  for  the  net  nuifcer  of  target  cohort  contracts  signed 
and  tie  forecasted  values  are  displayed  within  each  table 
secticn.  Ihe  95  percent  limits  displayed  indicate  that  cne 
should  he  certain  that  the  actual  value  will  fall  between 
these  twc  values  95  fercent  of  the  time.  In  figures  3.12 
through  3.15«  the  forecast  results  are  displayed  graphi¬ 
cally.  lie  actual  net  contracts  signed  are  dlplcted  bj  the 
letter  the  forecasted  values  by  the  letter  "F"  and  the 
upper  and  Icwer  95  percent  confidence  limits  by  the  letters 
"0"  and  "I"  respectively. 

lable  II  is  divided  into  four  sections.  Ihe  first 
secticn,  corresponding  to  figure  3. 12,  Is  a  forecast  for  sir 
periods  ahead  for  the  period  October  1983  to  Barch  1S84 
based  on  the  October  1978  to  September  1983  time  series 
utilizing  the  seasonal  BA(1)B  model  previously  selected  for 
this  time  series.  Kith  the  exception  of  the  Barch  1S84 
forecast,  all  actual  values  fall  within  the  95  percent 
confidence  limits,  however,  these  confidence  limits  are  too 
wide  to  be  of  much  practical  value.  As  evidenced  by  figure 
3.12,  the  model  dees  generally  capture  the  pattern  of 
enlistments  for  the  forecasted  period,  although  the  degree 
of  the  decreeise  for  Barch  1  984  is  not  well  represented.  Ihe 
variaticn  in  the  forecasting  errors,  ranging  froi  a  low  of 
^5.0  percert  to  a  high  of  ^67. 4  percent  are  not  particularly 
encouraging. 
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l£  the  second  section^  ccrtespondiag  to  figure  3.13,  the 
forecasts  are  conducted  on  a  aonth  to  month  basis  utilizing 
the  seguential*  forecasting  method.  For  example,  the  initial 
forecasts  for  this  data  set  were  conducted  utilizing  60  data 
points.  Hhen  the  6 1  st  data  point  became  available,  the 
paransteis  of  the  saae  model  specification  were  reestisated 
using  61  data  points  and  a  forecast  for  period  62  was 
conducted.  Forecasts  were  conducted  in  this  manner  for  the 
pericd  Cctober  1983  tc  Hcirch  1984.  As  evidenced  by  section 
Two  of  the  table,  forecasting  with  this  method  produces 
superior  results  to  forecasting  multiple  periods  ahead.  For 
the  scst  part,  forecasted  values  well  represent  the  actual 
values,  although  here  again  the  model  fails  to  adequately 
represent  tbe  sudden  decrease  for  March  1984. 

In  sections  three  and  four  of  Table  II,  corresponding  to 
figures  3.14  and  3.15  respectfully,  tbe  forecasts  of  the 
MA(2)  mcdel  developed  for  the  March  1982  to  September  1S83 
time  series  are  examined.  Section  three,  as  in  section  cne 
of  the  table,  is  a  forecast  for  six  periods  ahead.  The 
obvious  prcblem  of  attempting  to  forecast  future  periods 
with  a  non^'dif f erenced  MA  model  is  the  models  tendency  to 
forecast  the  mean  of  the  time  series  after  only  a  few 
periods,  precluding  any  meaningful  evaluation  of  these  fore¬ 
casts.  Observing  tbe  first  two  forecasts  for  the  period 
Cctober  1983  to  March  1984,  the  results  are  not  very  encour¬ 
aging.  The  errors  for  these  two  periods  are  much  too  large 
to  be  of  any  practical  application. 

In  section  four  the  forecasts  were  conducted  with  the 
sequential  forecasting  method  utilizing  the  March  1982  to 
September  1983  time  series.  Uith  only  one  forecasted  value 


*As  soon  as  the  value  of  the  next  data  point  becoses 
available,  all  forecasts  for  future  periods  are  updated 
utilizing  reestimated  parameter  values  or  the  AfiMA  model,  as 
opposed  tc  the  a da t live  method  in  which  the  ABHA  model 
parameters  remain^u r changed . 


iallios  hithiii  t€n  percent  c£  the  actual  value,  and  uitb  the 
forecasts  teing  condccted  onl;  cne  period  ahead,  the  sodel 
iiculd  appear  to  have  extremely  limited  usefulness. 

Cf  tte  two  models  developed,  the  Seasonal  lli(1)C  model 
developed  for  the  October  1S78  to  September  1983  time  series 
would  seem  to  be  the  most  useful  in  forecasting  future  net 
values  of  high  guality  recruits.  However,  as  evidenced  by 
lable  II  and  Figures  3.12  and  3.13,  sudden  major  swings  in 
the  values  cf  contracts  signed  are  not  adequately  predicted 
by  this  model.  In  Chapter  Four  a  causal  model  utilizing 
regression  analysis  will  be  examined  for  applicability,  and 
to  determine  if  sudden  shifts  in  the  dependent  variable  will 
be  adequately  described  by  a  causal  model. 
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TIBII  11 
fOBECISl  BE50LIS 


OCTCEEE  1S78  TC  SEflEHBEB  1963  DATA  SET  FOBECAS IS 
FCEECASIIHG  SIX  PEEICCS  ABEAC 
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Figure  3.12  01(1}  SIX  0OHIB  FOfiEClST. 


OCI  £3  NOV  DEC  JAN  84  FEB  HAE 


Figure  3.13  BA(1)  SEQOENIIAI.  FOfiECASIS. 


IV.  ISJ 


J.  £JSIC  1£SUBPII0I£ 

It  was  assumed  ttat  the  forecasts  generated  with  the 
model  presented  in  Chapter  3  could  be  improved  u{cn  by 
developing  a  model  hhich  took  into  consideration  causal 
relationships.  Ihe  factors  assumed  to  most  actively  icflu* 
ence  the  net  number  of  high  quality  nonprior  service  males 
opting  tc  join  the  Kavy  was  ccnjectured  to  be:  number  of 

producticn  recruiters,  some  measure  of  unemployment,  size  of 
the  vcrk  force,  military/civilian  pay  ratio  and  recruiting 
goals . 

Ihe  utilization  cf  the  regression  model  requires  that 
four  basic  assum^ticrs  be  made.  First,  that  the  dependent 
variable,  net  contracts  signed,  is  linearly  related  tc  each 
cf  the  independent  variables.  If  the  relationships  are  not 
linear,  then  regression  analysis  cannot  accurately  be 
applied  to  the  problei.  Second,  the  variance  of  the  resi¬ 
duals  (errors)  cf  tbe  regression  equation  remains  ccrstant 
ever  tbe  time  series.  Third,  that  the  residuals  are  indepen¬ 
dent  cf  cne  another,  that  is  any  given  residual  shculd  not 
be  a  function  of  the  error  terms  proceeding  or  following  it 
in  the  time  series.  Ihe  existence  of  such  a  relationship, 
called  serial  (auto)  correlation,  implies  that  either  an 
important  independent  variable  has  been  omitted  or  the  wreng 
functicnal  fora  has  been  used  in  the  regression  equation. 
Generally  fer  a  data  set  of  the  size  used  in  this  study,  a 
lurbir-iatscn  statistic  value  between  1.5  and  2.5  implies  a 
lack  cf  serial  correlation.  Ihe  final  basic  assumption  is 
that  the  residuals  are  normally  distributed. 
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E.  TIEIIEIES  COHSIDEEEO  FOB  ItCXOSION 


1 .  K€ t  Contracts  Signed :  CMTBCTS 

is  freviouslj  defined#  the  dependent  variable  is  the 
total  sunher  of  contracts  signed  per  month  by  ncnprior 
service  tigh  school  graduate  males  in  mental  groups  I 
through  III  upper  vithin  the  Albuguergue#  New  Mexico 
Eecruiting  listrict  less  the  number  of  delayed  Entry  Program 
(OEP)  attrites  of  the  same  cohort  during  the  same  lonth. 
This  data  was  obtained  from  Navy  Recruiting  Command  for  the 
period  October  1978  tc  September  1983. 

2.  Ibe  NaailE  ££24ji£li£fi  Beer  alters;  RCTRS 

Ihe  values  for  this  variable  are  the  number  of  Navy 
Eecreiters  who  were  actually  on  duty  in  Navy  Recruiting 
Eistrict  ilbuguergue  daring  the  period  of  the  time  series. 
Ihey  represent  actual  canvassers  and  exclude  staff 
perscnnel.  This  data  was  obtained  from  Navy  Recruiting 
Command.  It  would  seen  to  be  logical  to  expect  an  increase 
in  the  nutber  of  production  recruiters  to  result  in  an 
increase  in  the  number  of  contracts  signed#  subject  to 
effects  cf  marginal  {rcductivity. 

Numbers  c£  Onemploved;  ONEMPLD 

Ihe  values  fer  this  variable  represent  the  numbers 
cf  people  determined  to  be  unemployed  by  the  0.  S. 
Cepartment  of  Labor.  The  values  of  this  variable  were 
divided  by  10# 000  so  that  the  data  could  be  manipulated  mere 
easily.  These  values  were  divided  by  10#000  so  that  the 
data  could  be  manipulated  more  easily.  These  values  were 
built  up  from  a  county  level  and  represent  the  seasonally 
adjusted  number  of  unemployed  within  the  target  recruiting 
district  as  a  whole.  No  breakdown  by  sex  or  age  group  was 
available.  This  data  was  obtained  from  Navy  Recruiting 


Conaiazd.  It  was  assused  that  an  increase  or  decrease  in  the 
Buoibeis  of  aneiplcjcd  would  result  in  a  correspcnding 
increase  or  decrease  in  the  nuaber  of  contracts  signed. 

Musters  in  tte  HorJc  force:  MKFRCE 

Ifae  values  fcr  this  variable  represent  the  nuibers 
in  the  wcrk  force,  ei|loyed  and  unemployed,  as  determined  by 
the  O.S.  Cepartsent  cf  Labor.  Ihe  values  of  this  variable 
were  built  up  frca  a  county  level  and  represent  the  season¬ 
ally  adjcsted  work  fcrce  in  the  target  recruiting  district 
in  tctal.  This  data  was  obtained  from  Davy  Recruiting 
Coaaard.  is  the  values  for  this  variable  increased  or 
decreased,  it  was  expected  that  the  numbers  of  contracts 
signed  would  increase  or  decrease  correspondingly. 

5-  Bilitarv/Civilian  231  Satio:  PAIBATIO 

Ike  merits  cf  any  constructed  military  /  civilian 
pay  ratio  could  be  argued  indefinitely  with  no  concrete 
results  as  to  a  most  meaningful  measure.  For  the  purposes 
of  this  study,  the  military  component  of  the  ratio  was 
calculated  as  monthly  base  pay  for  an  £-1  with  acre  than 
three  months  service.  Ihe  civilian  component  utilized  was 
average  weekly  earnings  of  production  workers  in  the  state 
cf  Mew  Mexico  multiplied  by  four.  The  average  weekly  earn¬ 
ings  figure  was  obtained  frca  "Employment  and  Earnings" 
published  b^  the  O.S.  Department  of  Labor;  Bureau  cf  labor 
Statistics.  Intuitively,  an  increase  in  the  military/ 
civilian  pay  ratio  wculd  result  in  an  increase  in  contracts 
signed. 

6.  fercent  a ployed;  fEfCDNE 

The  values  of  this  variable  are  OMEMPLD/WKFRCE.  This 
variable  represents  the  percentage  unemployed  in  the  target 
recruiting  district.  This  variable  was  included  in  the  study 
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to  detciiice  i£  the  fCEcentage  of  uneoployed  Hithio  the  work 
force  mere  accurately  predicted  the  nuioher  of  contracts 
signed  than  the  crdiral  value  cf  unemployed. 

Change  in  DneBtlovnent;  DELTADM 

Ihe  Values  for  this  variable  represent  the  month  to  month 
changes  ('•‘/-)  of  the  variable  PEBCUME  for  the  target 
recruiting  district.  This  variable  vas  included  in  the 
study  to  determine  if  changes  in  the  unemployment  rate  could 
signal  corresponding  changes  in  the  number  of  contracts 
signed. 

8.  Cnemolovaent  Batio;  OMEMBAI 

The  values  of  this  variable  represent  a  ratio  of  the  change 
in  uremplcyment  frci  month  to  month  within  the  target 
recruiting  district  as  expressed  by  the  following  formula: 

OMECPID  in  month  T  >  UNEHPLD  in  month  T«1 

OBiaBlT  =  - 

OBEHfLD  in  month  T-1 

It  vas  heped  that  this  variable  could  capture  the  effects  of 
both  tbe  percentage  unemployed  and  the  change  in  unemploy¬ 
ment  cn  a  menthly  basis. 

9-  3  Cngtas 

Onf ortunately*  there  vas  insufficient  data  cn  goals 
for  the  target  cohort  to  examine  goals  for  inclusion  in  the 
regression  eguation.  Intuitively#  goaling  would  seen  to  play 
a  key  role  in  determining  the  number  of  contracts  signed.  A 
recruiting  district  vhich  had  achieved  target  guotas  for  the 
month  vocld  be  tempted  to  delay  additional  accessiors  until 
the  fcllcwing  month  to  help  insure  the  attainment  cf  goals 
cn  a  continuing  basis.  Additionally#  goals  would  seem  to 
mask  the  supply  function  of  recruiting  making  the  study  of 
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the  £Uffly  problea  much  acre  difficult. ^  It  is  the 
hypothesis  of  this  author  that  a  detailed  study  of  the 
effects  of  goals  on  enlistment  contracts  signed  would  indi¬ 
cate  a  tery  high  pcsitive  relationship  bewteen  these  two 
variables.  Ihis  is  ai  area  which  demands  increased  attention 
and  study. 

C.  EEGiESSlCl  flClil  DETElCfED 

In  determining  the  final  choice  for  the  explanatory 
variables,  it  was  necessary  to  determine  the  lag  or  lead 
effect,  if  any,  that  was  exerted  on  the  dependent  variable 
by  each  independent  variable.  For  example,  an  increase  in 
the  number  of  production  recruiters  may  not  affect  the 
number  of  ccntracts  signed  for  several  months,  assuming  that 
there  is  a  learning  curve  associated  with  the  pcsiticn. 
Similarly,  an  increase  in  the  unemployment  rate  nay  not 
affect  erlistments  fcr  several  months.  All  of  the  indepen¬ 
dent  variables  previcusly  described  were  given  a  lag  and 
lead  cf  free  one  to  six  months  and  simple  regressiens  were 
conducted  tc  determine  which  increment  of  lag  or  lead  best 
explained  the  variaticn  in  the  number  of  contracts  signed.  A 
variable  was  allowed  to  enter  the  eguation  only  once.  That 
is  if,  fcr  example,  f ERGO  HE  evidenced  a  significant  influ¬ 
ence  cn  CHIFCTS  lagged  one  month  and  lagged  two  months,  orly 
the  lag  with  the  most  significant  coefficient  of  determina¬ 
tion,  E-sguared,  was  included  in  the  regression  eguation.* 


^Siegel  apd  Eorack  £Bef.  2]  provide  an  excellent  d^cus- 
sxon  cf  the  interaction  between  goals  and  the  recruiting 
effort. 

*7he  decision  to  utilize  a  single  lag  or  lead  for  each 
variable  was  made  prior  to  ccnducting  the  initial  regres¬ 
sion.  However,  during  the  the  analysis,  all  variable  lags 
and  leads  with  a  I-ra^io  greater  than  2.00  for  a  simple 
x^gressicn  were  f4.ttcd  into  a  lultiple  regression.  The  coef¬ 
ficient  cf  determination  of  this  multiple  regression  was  not 
significantly  different  from  the  coefficient  of  determina¬ 
tion  for  the  multiple  regression  utilizing  a  single  best  fit 
lag  cr  lead  for  each  variable. 


A  oultifle  regression  model  utilizing  the  lag  or  lead  of 
each  variable  with  tie  highest  coefficient  of  deternination 
Mas  ccnstructed,  and  a  regression  conducted  on  the  defecdent 
variable  net  contracts  signed  with  results  as  follows: 

X=  -42.6  ♦  .405  fiCIESl  ♦  6.0  aHEMPLDl  -  1.0  HKFBCEl 

*  256. C  PAYfiAT04  -  241.0  PEBCUME2  ♦  26.2  OELIAUK 

♦  16.6  0N£{1BA72  ♦  a  (egn  4.1) 

where : 

BC7ES1  =  number  of  production  recruiters  lagged  1  month 
OBEePIIl  =  unemplojcent  lagged  1  month 
HKEBCEI  =  numbers  in  the  wczlc  force  lagged  1  month 
PAlfiAIC4  s  military  /  civilian  payratio  lagged  4  months 
PEEC0NE2  3  percent  unemployed  lagged  2  months 
OEIIAQH  3  change  in  unemployment  with  no  lag 
UNEBfiA12  3  unemployment  ratio  lagged  2  months 
a  ~  residual 


SI.  DEV. 

1-BAIlO 

COIOHN 

COEFFICIEHT 

OF  COEF. 

COEF/S. 

COKSIAKI 

-42.6 

158.9 

-0.27 

BC7ES1 

0.4051 

0.2668 

1.52 

OBEePLCl 

5.S7 

17.81 

0.53 

BKFBCEI 

-0.51 

1. 187 

-0.43 

PAlEiIC4 

256.17 

96.  18 

2.66 

PEECDNE2 

-241 

2498 

-0.  10 

OEIIAQH 

28.23 

10.26 

2.75 

UNEEBA12 

16.81 

11.52 

1.46 

IBE  SI.  CEY.  OF  1  ABCCl  THE  BEGBESSIOH  LIHE  IS 
S»  8.030 

E-SCQIBEC  «  62.2  PEBCEBI 

fi-SC0iE££  >  56.7  PEBCEMI,  ACJOSTED  FOB  D.F. 
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ANALYSIS  CF  VABIANCE 


DUE  TO 

DF 

SS 

aS=SS/DF 

BEGBESSICN 

7 

5097.30 

728.19 

GESILGAI 

48 

3094.8  4 

64.46 

TCTAI 

55 

e  192.  14 

Iho£€  vaciatles  hitb  negative  T-tatios  were  excluded 
iroa  consideration  in  the  final  regression  aodel  as  having 
counter  intuitive  results.  The  regression  was  conducted  a 
second  tine  utilixing  the  variables:  BCTBS1«  UNEBflLI, 
fAIBAT04«  lElIAUN,  and  0MEHfiAT2.  The  results  of  this  seccnd 
regressicn  were  ezaiined  and  those  variables  having  a 
T-ratio^  less  than  2.00  were  eliainated  iron  consideration 
in  the  fizal  nodel.  A  third  aultiple  regression  was  then 
conducted  with  the  fcllowing  results: 

Xs>61.e4><I.QNEHPL0U19*.PAIBAIC4e19.8DELIA0Nea  (eqn  4.2) 
where : 

OHEEflCI  s  uneiplCYient  lagged  1  aonth 
PAYEATC4  «  ailitarj/civilian  payratio  lagged  4  aonths 
OEIIAUE  >  change  in  uneaployaent  with  no  lag 
a  =  residual 


51.  DET. 

T-BAIIC 

CCIOHN 

CO  Elf ICIEST 

OF  COEF. 

COEE/S.D 

CCKSTANT 

-61.84 

35.  11 

-1.76 

0NEBELO1 

3.670 

0.545 

6.61 

EAYBAT04 

193.26 

90.35 

2.  14 

CELT  AON 

19.785 

9.410 

2.  10 

THE  ST.  LEV.  OF  Z  ABCCT  BEGEESSION  LINE  IS 
S  «  6.112 


^A  high  T-ratio  indicates  that  the  independent  variafle 
is  iatcrtant  in  explaining  the  value  of  Y.  The  higher  the 
T-ratic#  the  acre  unlikely  that  the  b  coefficient  is  a 
randcB  variation  frox  zero. 
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E-SCDJBEE  =  58.2  PEflCISI 

£-S(iDlfi£C  -  55.8  PEECENI,  ACJQSTEO  FOE  D.F. 


ANALXEIS  CF  VABIANCE 


DUE  1C  DF 
EESfilESICN  3 
EESIEEAI  52 
lOTAI  55 


SS  as*ss/DF 
^770.27  1590-C9 
3421.88  65.81 
8192.15 


Ibe  signs  of  the  coefficients  of  the  expleui  atony  vari- 
ahles  axe  vhat  one  wculd  expect  intuitively.  As  uneaplcyaent 
increases^  so  does  the  nuBher  of  contracts  signed.  An 
Increase  in  the  ailitary/civilian  pay  ratio  will  cause  an 
increase  in  the  nualer  of  contracts  signed,  and  as  the 
percentage  uneaployaent  changes,  the  nuabers  of  contracts 
signed  change  accordingly. 

Gne  cf  the  acre  snrprising  results  of  the  regression  was 
the  exclusion  of  the  variable  EClfiS,  representing  the  nuaber 
cf  prcducticn  recruiters.  Rhen  forced  into  the  regression 
eguaticn,  the  coefficient  for  this  variable  was  never 
significantly  differed  froa  zero.  Experience  and  intuition 
would  indicate  that  recruiters  play  an  iaportant  role  in  the 
nuabers  cf  high  guality  nonprior  service  sales  enlisting  in 
the  Navy. 

Ihere  nay  be  several  explanations  for  the  results  cf  the 
regressicn  in  regards  to  recruiters.  In  exaaining  the  tiae 
series  plots  for  CNIECIS  and  BCIBS  contained  in  Appendix  B, 
it  is  evident  that  ever  the  approxiaate  last  half  cf  the 
period  the  nuabers  cf  contracts  signed  is  increasing  as  the 
ruaber  cf  production  recruiters  is  decreasing.  It  is 
possible  that  as  the  Navy  gains  aore  experience  in  the 
selection  cf  recruiters,  better  recruiters  are  placed  with 
the  xecrciting  districts,  resulting  in  higher  individual 
recruiter  production.  Also,  it  is  possible  that  the  various 
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services  coopete  with  each  other  for  the  target  cebert  with 
approsiaatcly  egual  deteraicatior  thus  cancelicg  the 
apparent  overall  influence  of  the  recruiters.  It  is  also 
possible  that  the  target  cohort  is  not  as  easily  influenced 
by  recruiters  as  "Icwer  quality*'  recruits,  as  the  target 
cohort  hculd  sees  to  have  a  greater  selection  of  civilian 
occupations.  The  individuals  in  the  target  cohort  aay  have 
already  aade  the  decision  to  enlist  based  on  eccrciic 
factors  prior  to  contact  with  a  production  recruiter.  And, 
it  is  possible  that  recruiters  really  don't  have  a  signifi¬ 
cant  iapact  when  coapared  to  the  iapact  of  uneaployient  and 
coapensaticn. 

The  studies  discussed  in  Chapter  Two  found  little 
significance  between  the  nuabers  of  production  recruiters 
and  the  nutber  of  enlistaents.  Perhaps  the  services  in 
general  and  the  Navy  in  particular  have  passed  the  point  of 
decreasing  returns  as  far  as  recruiters  are  concerned.  There 
aay  be  scae  optiaal  level  for  the  nuaber  of  production 
recruiters  such  that  additional  production  recruiters  over 
this  level  are  not  beneficial  in  enlisting  additional 
aeabers  of  the  target  cohort.  It  aay  be  aore  cost  effective 
to  invest  in  advertising  than  in  additional  recruiters.  The 
area  cf  costs  and  benefits  of  recruiters  versus  advertising 
is  an  area  which  deserves  additional  study. 

The  exclusion  of  the  variables  HBKFfiCE,  PEBCONE  and 
QNENEAT  is  not  as  discouraging.  As  evidenced  in  the  regres¬ 
sion  icdels  presented,  when  these  variables  where  included, 
there  was  an  adverse  iapact  on  the  I-ratio  for  the  variable 
QNBHP101.  Since  the  values  of  the  variable  UNENPID  are 
included  in  the  variable  NBRfBCE,  and  the  values  of  the 
variables  PEBCONE  and  ONENBAI  axe  constructed  froa  the  vari¬ 
able  QNEBPIC,  a ulticc linearity  aaong  these  variables  aay  be 
a  factor,  and  is  suggested  by  the  regression  results.  The 
effects  of  uneiploysent  and  the  change  in  uneaployaent 
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appeal  veil  cepieseited  ii]  tiie  fiua.1  regression  eguation 
hithcat  including  these  three  additional  variables. 

C.  iifSllOllS  EZlflllil. 

Ihe  Cur tin- Hat son  statistic  for  the  regression  was  1.52. 
As  previcusly  stated^  a  Ourhin-Hatson  statistic  between  1.5 
and  2.5  sora2d.ly  indicates  a  lack  of  serial  (auto)  corcela- 
tion  fcr  a  cata  set  cf  the  size  used  in  this  study.  Hith 
three  independent  variables  and  a  saaple  size  of  60«  a 
Curbit-Hatscn  statistic  between  1.69  and  2.31  would  assure 
no  serial  correlaticc  in  the  residuals.  The  obtained 
statistic  cf  1.52  falls  in  the  inconclusive  range.  Since 
this  test  is  inccnclcsive«  additional  study  is  warranted. 

Ihe  standardized  residuals  and  the  raw  residuals  were 
plotted  in  figures  4.1  and  4.2  7he  value  of  a  standardized 
residoal  was  deterained  by  dividing  the  residual  by  its 
cstisated  standard  deviation.  Of  particular  interest  here 
is  ary  value  outside  2.00.  In  Figure  4.1  there  are  only 
two  values  that  lie  cutside  the  specified  liaits.  Since  the 
cverwbeliing  nuiber  of  residuals  lie  well  within  these 
liaits^  nc  significant  bias  is  indicated.  In  Figure  4.2,  the 
residuals  are  plotted.  The  residual  aean  is  -0.00058120 
with  a  standard  deviation  of  7.89.  Erasing  Figure  4.2,  there 
is  nc  cbviocs  suggestion  of  a  pattern  in  the  data.  Bowever, 
the  Curbin-  Hatscn  statistic  of  the  final  aultiple  regres¬ 
sion  ccdel  reguires  that  further  analysis  be  conducted  to 
deteriine  if  serial  correlation  exists.  In  the  fcllcwing 
chapter,  the  residuals  of  the  regression  will  be  exaained 
further.  Ccabining  the  regression  aodel  developed  is  this 
chapter  with  an  ABIBA  process  as  described  in  chapter  3 
would  preside  an  iapreved  aodel,  assuaing  serial  correlation 
in  the  residuals.  If  no  serial  correlation  exists,  then  the 
regressicn  todel  alone  would  prove  to  be  the  superior  acdel. 


V.  3i£  &Qm 


1.  CCflS2IE£  nODIL  i)iVlIOP££ 

The  Kultiple  reciession  lodel  developed  in  Cbaptec  4 
eatisiied  all  reguirenents  except  for  the  possitilitj  of 
serial  ccrrelaticr  it  the  residuals.  Is  order  to  deteiaine 
if  is  fact  a  serial  correlatioQ  prohlen  existed  asd,  if  so, 
to  atteapt  to  correct  this  prctlea,  the  residuals  aere  exaa> 
ined  farther.  The  hypothesis  was  that  if  an  ABIHA  aodel 
could  he  developed  fcr  the  residuals,  then  a  serial  correla¬ 
tion  prohlca  existed.  However,  this  saae  aodel  could  in  turn 
he  applied  as  a  correction  tc  the  regression  aodel  for  acre 
accurate  forecasts. 
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lfc€  Bultiple  regression  aodel  residuals  are  displayed  in 
figure  4.2  Ihe  autcccxrelations  are  plotted  in  Figure  5. 1  . 
In  this  figure  only  the  autocorrelation  at  lag  13  falls 
outside  v*  2  standard  errors.  Houever^  no  physical  inter- 
pretaticr,  such  as  eeasonality,  can  be  attributed  to  this 
spike «  and  it  can  be  interperted  as  not  being  significant. 
Since  there  is  no  clear  indication  of  a  nonstaticnary 
pattern  in  the  data,  a  white  noise  aodel  was  indicated  as 
aost  appropriate.  This  aodel  has  the  fora: 


(egn  5.1) 


where: 

Zy.  *  the  residual  value  at  tiae  t 
dy  »  a  randoa  shock  at  tiae  t 

This  indicated  that  a  aodel  could  not  be  developed  for 
the  residuals  and,  when  the  atteapt  was  aade  to  fit  various 
ifihi  lodels  to  the  data,  no  hhlBA  aodel  could  be  found  that 
was  appicpriate  for  the  non  differenced  residual  tiae  series. 
This  strcngly  suggests  that  no  serial  correlation  existed 
for  the  residuals  of  the  regression  aodel  developed  in  the 
previous  chapter. 

Eeezaiining  figure  5.1,  there  is  a  slight  indication  of 
a  trend  in  the  data  if  the  general  shape  of  the  plot  between 
lags  1  and  13  ace  observed.  In  order  to  explore  this 
further,  the  residual  tine  series  was  differenced  once,  with 
the  resulting  autocorrelations  plotted  in  Figure  5.2  . 
Ixaaining  this  figure,  the  ixaediate  iapression  is  that  the 
data  has  been  over  differenced.  This  is  suggested  by  the 
large  necative  spike  at  lag  1.  Differencing  a  staticnary 
series  produces  another  staticnary  secies.  However,  the 
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■odel  9€£€rated  by  ti€  over  differenced  series  will  be  acre 
coBflicated  than  a  ncdel  generated  by  a  stationary  series 
obtained  with  the  airiaua  aaount  of  differencing  £Bef.  10]. 
it  this  feint  it  was  decided  tc  continue  with  the  atteift  to 
construct  a  coabined  aodel,  even  though  it  was  realized  that 
the  fcssibility  was  saall  of  constructing  a  coabined  aodel 
which  would  frove  suferior  to  the  regression  aodel. 


ligure  5.2  OZFIIIEICBS  BISIOOAL  ADZOCOBBBLATXOIS. 


He  fartial  aatoccrrelaticns  of  the  differenced  residual 
tiae  series  are  displayed  in  Figure  5.3  .  Based  on  a  visual 
inspecticn  of  the  autocorrelations  and  partial  autocorrela'* 
tions  a  second  order  autoregressive  (AB2)  aodel  was 
initially  selected  for  testing.  However,  the  AB2  aodel 
proved  not  to  be  appropriate.  Since  any  aoving  average  <llAg) 
process  can  be  rewritten  to  fora  an  AB  process,  the  next 
step  was  tc  test  a  HI2  aodel  on  the  differenced  tiae  series. 
Ihe  tested  aodel  had  the  fora: 
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(69D  5.2) 


Zr-Zr.,  =  AzT  =  0-0,  B- 

iiiet£  Zf  i£  the  residual  value  froa  the  oultifle  regreesioa 
Bodel  at  tiie  T  and  is  the  error  tera  for  the  HA2  nedei. 
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figure  5.3  PUlIhl  AOfOCOBBElAIZCIS. 


TlflB  111 

BESICOAL  BOOEl  EThlOAZlOB 


Residuals  of  aodel:  Raodos 
aean:  0.34887 

Std  Oev:  7. 

Significance  level 
fer  aean: 

TIRE  ESllEAXE 

BA  1  0.8472 

BA  2  0.jC60 


.82 


2.00 

S3.  DEV. 
0.  1324 
0.1371 


I-RATIC 

4.89 

2.23 


lahlc  III  suggests  that  the  aodel  is  appropriate  for  the 
residual  tiie  series.  Ihe  ABBA  aodel  for  estiaating  future 
errors  cf  the  regressicn  aodel  then  becoaes: 
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Bhere  is  the  estimated  etror  o£  the  multiple  cegces- 

sioQ  Kcdel  at  tiie  t  and  z|  ^1\Zt  *  Zr-i 

Nhere : 

Zr*  =  predicted  7alue  of  the  residual  at  time  t 

^Z^  3  change  in  tie  residual  value  from  tine  t-1 

ZtA  -  value  of  the  residual  at  tine  t-1 

letting  It  egual  the  predicted  value  of  the  lultiple 
regression  lodel  alore,  the  predicted  value  of  the  comhined 
model,  ,  then  heccses: 


Wt  «  Zr  ^ 

Bcvever,  in  examining  eguation  5.3  and  taking  ioto 
consideration  the  standard  deviation  for  the  values  cf  9, 
and  t  it  is  ccsceivable  that  eguation  5.3  cculd  be 
factcxcd  as: 


^Z^»(1-B)  (U0.35B)  St  (egn5.5) 

Cancelling  cut  the  differenced  values,  the  eguation  heccacs: 

Zj  •  (1«0.35B)eT  (sgn  5.6) 
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IjuaticB  5.6  indicates  that  tbs  time  series  was  over  diifer- 
sneed  and  suggests  csing  a  MAI  Dodel  on  the  nondifferenced 
residual  tine  series.  However,  this  had  previously  been 
attenpted  was  found  cct  to  be  appropriate.  To  this  pcict  in 
the  aralysis  o£  the  residuals  of  the  regression  nodel,  all 
tests  conducted  continue  to  indicate  that  the  residuals  are 
randoi  and  that  no  serial  correlation  exists.  The  only  test 
renaining  was  to  ccihine  the  regression  nodel  previously 
constructed  with  the  MA2  aodel  constructed  above  and  to 
cospare  the  results  of  each  aodels  forecasts. 

E.  16£  fOBECASl  COailBlSOIS 

Three  ncdels  have  been  developed  in  order  to  forecast 
net  new  contracts  signed.  The  best  test  of  each  aodel  would 
have  been  to  forecast  some  aenth  or  series  of  aonths  subse- 
guent  to  Septeaber  1S83,  the  last  month  of  the  tine  series, 
and  to  ccapare  the  results.  Due  to  the  nonavailability  of 
appropriate  data  this  was  not  possible.  As  eui  alternative, 
the  acdels  were  used  to  forecast  the  last  five  aonths  of  the 
tiae  series.  May  1983  to  Septeaber  1983,  since  the  results 
were  known  and  the  data  reguired  for  forecasting  with  both 
the  aoltiple  regression  and  the  coabiced  aodel  was  avail¬ 
able.  The  seguential  forecasting  method  was  utilized  for 
all  three  aodels  with  results  as  contained  in  Table  IV 

As  aeasured  by  the  root  aean  sguared  error,  the  regres¬ 
sion  aodel  is  superior  to  the  ARINA  aodel  and  slightly 
superior  tc  the  coabined  aodel.  If  the  residuals  of  the 
aultiple  regression  acdel  were  serially  correlated,  then  the 
coabined  aodel  should  have  corrected  for  this  problea  and 
produced  forecasts  superior  to  the  aultiple  regression 
aodel.  The  forecast  results  serve  to  confira  that  the 
multiple  regression  residuals  were  not  serially  correlated. 
The  superiority  cf  the  regression  aodel  coaes  primarily  from 
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IlBIf  If 

fCBSCASl  CCHfABlSOHS 
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-13. 8* 


BOCT  BEAN  SQOABEO  EBECfiS  (EHSE): 
ARIBA  aOCEL  :  16.90 

RE6EES81CK  HOOEL:  9.93 

CCBEINEC  BODEI  :  10.15 


HHEEE  EHSE  « 


U  -  1) 


a 


Yf.  »  actual  valae 

Y.,  -  (tadicted  value 

&  «  5  (ouaber  of  ctsecvatlcos) 


the  ability  to  relate  suddea  shifts  ia  the  depeadeat  vari-> 
able  tc  aeasures  cf  oneaploysent  as  exhibited  t;  the 
predicted  values  for  Septesber  1983.  The  ABIHA  process  of 
the  ccatiaed  sodel  has  a  daapeaiag  teadeacy  on  the 
predicticas  uhea  there  are  suddea  shifts  ia  the  variatles. 
Ihe  regressioa  process  aloae  vould  thea  becose  the  preferred 
sodel  duriag  a  period  of  ecoaoiic  fluctuatioa  because  of  the 
exhibited  superior  ability  to  capture  these  suddea  shifts  ia 
accessioBS. 

Ibe  difficulty  ia  forecastiag  with  the  aultiple  regres¬ 
sioa  xcdel  aad  the  cosbiaed  sodel  is  that  oae  sust  also 
forecast  future  values  of  the  chaage  ia  perceat  of  uaesflcy- 
seat,  the  variable  OEIIAON.  Evea  with  forecasted  values  of 
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CELIACS,  tie  forecast  horizon  is  liarted  to  one  month  due  to 
the  one  accth  lag  lor  uneaf loyaent, the  variable  ONEKfiD, 
unless  future  values  for  that  variable  are  also  forecasted, 
for  any  period  beyczd  one  aonth,  the  forecast  for  net 
contracts  signed  thet  depecds  on  the  accuracy  of  these  two 
additicnal  forecasts «  decreasing  the  face  validity  cf  the 
prediction  due  to  cospounding  negative  effects.  The  attrac¬ 
tiveness  of  the  Eox-OenJcins  approach  is  that  only  the  values 
cf  the  tile  series  are  taken  into  consideration  in  the  fore¬ 
casting  process.  However,  the  basic  assuaption  of  continuity 
in  the  pattern  of  the  data  oust  hold  generally  true  if  the 
results  are  to  be  of  value. 


?I.  CCHClOSlOMS 


A.  £CflI)l£1 

Ii:£€€  acdels  utilizing  two  distinct  analytical  oetbcdcl- 
cgies  have  teen  fcesected.  Ihe  Box-JenJeins  aethodology  was 
applied  to  a  monthly  time  series  of  net  enlistments  in  the 
Alhuguergae,  New  Hezico  recruiting  district  and  a  lodel  of 
the  underlying  data  patterns  developed.  A  multiple  regres¬ 
sion  scdel  atteiptirg  to  examine  causal  relationships  has 
derived  based  on  intuition  and  the  statistical  significance 
cf  the  independant  variables.  A  combined  time  series/causal 
model  was  developed  treating  the  residuals  from  the  regres¬ 
sion  lodel  as  an  original  time  series  and  applying  the 
£oz-Jenhins  technigue  to  them.  Forecasts  were  conducted  with 
the  three  models  and  the  results  examined. 

A  cciparison  of  the  root  mean  sguared  error  of  the  resi¬ 
duals  of  the  three  models  indicated  that  the  multiple 
regressicn  model  was  superior  to  both  the  Box-JenJeins  model 
and  the  cembined  model.  Accuracy  favored  the  multiple 
regression  approach,  however  the  need  to  develop  forecasts 
for  two  principle  independent  variables  limit  its*  useful¬ 
ness  in  forecasting.  A  need  to  forecast  extended  periods 
would  favor  the  Box-Jenkins  approach  since  there  does  not 
exist  a  reguirement  to  include  the  independent  variables  of 
the  multiple  regressicn  model.  Both  the  multiple  regression 
model  and  the  Box-denkins  aethodology  can  serve  useful 
purposes  when  the  irherent  limitations  of  each  are  taken 
into  consideration. 
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E.  lEfllCAlIOIS  OP  lEE  BESQIIS 


Ib€  lultiple  regiessioi]  results  suggested  three  vari¬ 
ables  Here  priaaril]f  respossible  for  the  variatict  ir  the 
uet  ouiber  c£  contracts  signed.  These  Here  the  ordinal  value 
of  uceaflcysent,  the  change  in  percent  unemployed  anc  the 
ailitary  /  civilian  |ay  ratio.  Of  these  three  variables, 
the  Eepartsent  of  Defense  {CCD)  exerts  only  a  partial  influ¬ 
ence  ever  the  ailitary/civilian  pay  ratio.  As  alluded  to 
previously,  no  single  measure  of  the  military/civilian  pay 
ratic  car  he  justified  as  a  "test”  measure  of  this  relation¬ 
ship.  Tbe  one  presented  in  this  study  uas  felt  tc  be  an 
adeguate  estimation  cf  how  young  men  making  an  occupational 
choice  vieu  the  relationship  hetveen  ailitary  and  civilian 
compensation.  This  ratio  did  not  take  into  account  such 
forms  cf  compensaticn  as  medical  benefits,  enlistment 
bonuses,  cemmisary  and  exchange  privileges,  special  pays, 
and  ether  benefits.  Each  individual  places  different  values 
on  these  additional  forms  of  compensation  depending  on 
his/her  cun  needs  and  desires,  it  nay  be  that  these  ether 
forms  cf  ccmpensatioc  provide  the  marginal  benefit  that  snay 
a  majority  cf  enlistees  tovards  an  occupation  in  tbe  mili¬ 
tary.  The  effects  of  these  additional  forms  cf  compensation 
have  been  the  focal  point  fer  many  studies  and  their  effects 
deserve  continued  research. 

As  fer  unemployment  and  the  change  in  percent  unem¬ 
ployed,  little  can  be  done  by  DOD  to  influence  these  vari¬ 
ables.  Indeed,  it  is  unreascnable  to  assume  that  anyone 
Hould  desire  to  place  the  economy  of  the  nation  in  peril 
simply  to  ease  recruiting  short  falls.  Houever,  it  is  clear 
that  general  economic  factors  play  a  pivotal  role  in  the 
occupational  choice  process  and  that  the  effects  of  changes 
in  the  econcmic  indicators  can  have  an  immediate  impact.  A 
sudden  increase  in  civilian  job  market  opportunities  for  the 
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target  cchoxt  would  iiave  an  issediate  and  adverse  iipact  cn 
Havy  recruiting.  During  periods  of  general  economic  impicve- 
ment,  acre  resources  will  he  reguired  to  obtain  sisilar 
lumbers  cf  high  quality  enlistees  than  during  a  period  of 
general  cccsoaic  decline. 

fieaainirg  unexplained  in  the  analysis  is  the  shift  in 
the  tixe  series  from  apparent  seasonality  over  the  first  two 
thirds  of  the  series  to  apparent  nonseasonality  ever  the 
last  third  of  the  series.  Seasonality  in  recruiting  with 
peak  months  in  August  and  January  can  most  easily  be 
explained  by  the  schccl  year.  Intuitively^  a  young  man  would 
not  desire  to  graduate  from  high  school  in  June  and  directly 
enter  lilitary  service.  On  the  average,  one  would  expect 
him  tc  desire  to  rexain  among  his  friends  for  the  Sumser 
months,  entering  the  service  at  the  end  of  Summer  when 
friends  cither  return  to  schocl  or  enter  the  job  market.  Ihe 
peak  menth  of  January  can  be  intuitively  explained  by  the 
potential  recruits  desire  to  remain  among  family  and  friends 
during  the  holiday  season  prior  to  entering  the  service, 
fihat  is  not  readily  explained  is  the  virtual  absence  of  this 
seasccality  over  the  last  third  of  the  tine  series. 
Bemenbering  that  the  dependent  variable  is  contracts  signed 
and  net  accessions,  what  nay  explain  the  change  in  the  data 
pattern  is  a  change  in  the  gucta  system.  Otilizing  the  CEP 
pool,  the  potential  recruit  is  currently  able  to  sign  a 
contract  with  the  Mavy  and  delay  entry  into  the  service  foe 
a  period  cf  up  to  cne  year.  Ihis  may  have  the  effect  of 
dampening  the  seasonal  patters  exhibited  by  the  first  two 
thirds  of  the  time  series.  However,  this  is  pure  conjecture 
as  there  was  insufficient  data  available  to  conduct  further 
analysis  or  draw  any  definite  conclusions. 
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C.  filCCBBESDAlICHS  KB  FOTOBE  SIOOX 

Ite  icd^Is  presented  in  this  study  should  he  refined  and 
updated.  Ihe  60  data  point  time  series  utilized  is  tco  trief 
to  accurately  depict  cyclic  flucuations  in  the  data  set.  Ihe 
time  series  should  he  expanded  as  additional  data  pcints 
become  available.  Estimates  free  models  developed  from  time 
series  ci  adequate  length*  in  excess  of  100  data  pcints* 
could  preve  beneficial  in  allocating  quotas  and  recruiting 
resources.  Begressicn  analysis*  examining  causal  relation¬ 
ships  cn  a  recruiting  district  level*  should  centinue  in 
erder  that  a  better  understanding  of  the  effects  that  local 
economics  have  on  the  supply  of  potential  enlistees  can  be 
ebtained.  Cne  area  ci  potential  intrest  may  be  the  applica¬ 
tion  cf  leading  indicator  acdels*  an  extension  of  the 
Eox-Jenkins  methodolcgy*  to  the  problem  of  predictirg  the 
supply  of  recruits. 

£oe  tc  lack  cf  sufficient  available  data*  several  refin- 
aents  in  this  study  mhich  the  author  feels  are  important 
could  not  be  made,  first*  in  the  area  of  unemployment*  an 
accurate  breakdevn  by  sex*  age*  and  ethnic  group  by 
recruiting  district  mculd  have  been  of  significant  benefit, 
lo  make  an  appreciable  improvement  in  the  understanding  of 
the  interaction  of  Iccal  economic  conditions  on  the  supply 
cf  pctectial  enlistees  this  data  will  be  necessary  for 
future  studies.  Some  sort  of  working  agreement  with  the 
Eepartment  cf  labor;  Bureau  cf  Labor  Statistics  would  be 
necessary  in  order  tc  obtain  the  data  in  a  useful  ferm.  A 
restructing  of  the  recruiting  districts  would  make  data 
gathering  easier.  A  realignment  along  state  boundries  would 
sake  close  coordinaticn  with  state  governments  mere  readily 
avialable.  There  could  be  a  cooperative  effort  between  the 
state  ucemployment  cffice  and  the  recruiting  district. 
Althcugh  seme  states  would  be  reluctant  to  act  as  a 
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recruitifig  age&c;  fox  the  ailitaty,  the  central  theie  vculd 
he  to  tied  eaplcyaest  for  the  states  young  people  tc  the 
benefit  cf  the  state  and  the  Navy. 

ks  previously  discussed^  the  lack  of  sufficient  data 
concerning  guotas  proved  a  drawback.  There  are  three  teas- 
ores  cf  recruiting  effort  ever  which  the  Navy  has  conflete 
control  which  would  seen  to  be  inseperable  in  their  effects. 
These  are  the  nuiber  cf  production  recruiters,  guotas,  and 
local  advertising.  Tc  study  any  one  of  these,  or  to  include 
any  one  cf  these  in  a  study  to  the  exclusion  of  the  others 
would  sees  to  be  of  iittle  value.  Records  of  adeguate  length 
and  detail  should  be  kept  in  order  to  study  the  long  term 
effects  cf  these  factors  and  specifically  how  they  interact 
with  each  other.  It  say  be  beneficial  to  the  recruiting 
effort  tc  decrease  the  nuabet  of  production  recruiters  while 
increasing  goals  and  local  advertising.  However,  unless  the 
data  is  available  to  study,  or  pilot  prograas  are  initiated, 
there  can  be  no  clear  demonstration  of  the  interrelaticn' 
ships  of  these  various  recruiting  efforts.  Without  strong 
evidence  of  the  interrelationships  between  these  three 
efforts,  fic  study  of  the  supply  of  first  tern  enlistees  can 
be  ccssideced  coaplete. 

Anctber  interesting  area  which  should  be  exaained  is 
belayed  Intery  Pxograa  (D£P)  attrition.  It  would  be  inter*' 
esting  tc  determine  if  an  improved  job  market  corresponded 
to  an  increase  in  the  number  of  contract  signers  attempting 
to  nullify  their  ccntxact.  in  some  cases  a  new  reexuit  has 
the  pctential  to  remain  in  the  OEP  pool  for  op  to  cne  year. 
The  eccncaic  opportorities  for  this  potential  recruit  could 
vary  considerably  during  this  years  tiae,  and  during  a 
general  iaprovement  in  the  cccnoay,  civilian  job  epportuni- 
ties  cculd  becoae  available  to  the  cohort  member  that  did 
not  exist  when  he/she  becaae  part  of  the  OEP  pool.  The 
erosicn  cf  the  OEP  pool  should  be  studied  as  a  pctential 
problea  area. 
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C£  particular  beicfit  aould  be  a  regional  studj  eocca- 
passing  accessions  irto  all  four  branches  oi  the  lilitary 
and  the  Coast  Guard.  A  study  of  this  type  would  perait  the 
exaairation  of  the  interaction  of  the  different  recruiting 
efforts.  Ihis  would  assist  in  deternining  if  an  increase  in 
the  recruiting  efforts  of  any  one  service  served  to  increase 
the  tctal  nunber  of  accessicns^  or  aerely  drew  away  pcten- 
tial  recruits  frca  one  of  the  other  services.  Additicrally, 
by  cciparing  the  recicnal  econoay  to  total  ailitary  acces¬ 
sions  for  the  region «  a  clearer  understanding  of  the  effects 
cf  changing  econcaic  conditicns  could  be  obtained. 
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PBIBEB  ON  IIBE  SEfilES  AMALZ5IS 

A.  IIBE  SEfilES  AMAIISIS 

Esccft  Khere  othcmise  noted,  this  appendix  is  tased  on 
the  verJes  ci  S.  fiakxidaJcis  and  S.C.  Wheelwright.  A  tine 
series  is  a  collection  of  observations  made  segaentially 
in  tile.  Examples  ocour  in  a  variety  of  fields  froi  physics 
to  physiology  and  methods  of  analyzing  time  series  consti> 
tute  an  important  area  of  statistics.  Statistical  teohnigues 
for  analyzing  time  series  range  from  the  straight  forward  to 
the  very  sophisticated.  However,  traditional  means  of  time 
series  aralysis  are  prineirily  concerned  with  decomposing  a 
series  into  the  basic  components  of  trend,  seasonality, 
cyclic  changes  and  other  fl actuations. 

Ihe  first  step  in  analyzing  a  time  secies  is  to  plot  the 
observations  against  time.  Figure  A. 1  is  a  time  series  plot 
of  the  sales  figures  for  a  certain  engineering  company  over 
successive  months  [fief.  Ilj*  Ibis  plot  can  be  used  to 
obtain  simple  descriptive  measures  of  the  main  properties  of 
the  series.  For  example,  looking  at  Figure  A. 1,  it  can  be 
seen  that  there  is  a  regular  seasonal  effect  with  sales 
*high*  ir  the  winter  and  *low*  in  the  summer.  The  graph 
suggests  an  upward  trend  in  annual  sales.  For  some  time 
secies,  the  variation  is  dominated  by  such  'obvious* 
features,  and  a  fairly  simple  model  may  be  perfectly 
adequate  to  describe  the  variation  in  the  time  series,  for 
other  time  series,  more  sophisticated  techniques  will  be 
required  to  provide  adequate  analysis. 

Hhen  observations  are  taken  on  two  or  more  variables,  it 
may  be  possible  to  use  the  variation  in  one  time  series  to 
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figac€  A.1  Bcotbly  Sales. 

sxplaio  tli«  variaticD  ia  another  tiae  series.  This  la;  lead 
to  a  deeper  understaediag  of  the  uaderlyiag  causal  relation* 
ships  ia  a  process  and  perait  accurate  forecasts  of  future 
values  of  the  variahle  of  interest.  This  aay  ia  turn  aid  in 
the  ccctxcl  of  that  future  value. 

Tie  ability  of  a  given  technigue  to  forecast  effectively 
in  a  specific  situation  depends  largely  on  accurately  iden¬ 
tifying  the  patterns  underlying  the  data  and  selecting  the 
proper  tcchnigue  to  handle  thea.  All  tiae  series  analysis 
techniques  assuae  that  the  patterns  underlying  the  data  ace 
constant  over  tve  periods;  the  period  over  which  the  data 
was  ccllected,  and  the  period  of  the  forecast.  However, 
different  techniques  are  available  to  fit  a  vide  variety  of 
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sxtuaticiis.  The  factors  that  seed  to  be  considered  when 
selecting  a  aodel  are  as  follows: 

1.  Ihe  tise  horizor  for  decision  aaJcing 

2.  Ihe  pattern  of  tie  data 

3.  Type  cl  Bodcl  desired:  tiie  series  or  causal 

4.  Ihe  value  of  the  forecast 

5.  Ihe  accuracy  that  is  required 

6.  Ihe  ccsplezity  that  can  he  tolerated 

7.  Ihe  availability  of  historical  data  £Bef«  8] 

E.  1E£  EOX-JEIXUS  EITBODOIOGI 

Advantages  o£  Bozrdenhins 

Ihe  Boz'Jenkins  aethcdology  is  an  efficient  and 
practical  procedure  fcr  handling  tine  series  and  other  fore¬ 
casting  situations  in  which  a  variety  of  coaplez  patterns 
exist.  Ihis  aethodolcgy  can  handle  coaplex  patterns  of  data 
using  a  relatively  well  specified  set  of  rules  that  dc  not 
require  that  a  aodel  he  chosen  on  the  basis  of  an  analyst's 
experience,  intuitive  ability  or  theory. 

Eoz-Jenkins  is  the  aost  general  aetbod  of 
apprcaching  tiae-series  forecasting.  There  is  no  need  to 
assuie  iritially  soae  fixed  pattern  to  date.  The  approach 
begins  hy  assuaing  a  tentative  pattern  that  is  fitted  to  the 
data  so  that  the  erxcr  will  be  ainiaized.  it  additionally 
provides  explicit  inforaation  to  enable  the  user  to  judge 
whether  the  pattern  tentatively  assuaed  is  correct  for  the 
situation  under  study.  If  so,  the  forecast  can  be  developed 
directly  and,  if  net,  the  Eox-Jenhins  approach  provides 
further  clues  for  identifying  the  correct  pattern.  This 
proccdcrc  allows  the  user  to  arrive  at  a  forecasting  aodel 
that  achieves  optiaization  in  terns  of  the  basic  pattern  and 
linitizes  the  forecasting  error.  The  user  is  also  supplied 
with  statistical  inferaatien  on  the  accuracy  of  the  fore¬ 
casts. 
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2.  3^€  G^n^ral  Accroach 

la  descrihiQg  their  af{roach.  Box  and  Jenkins  have 
develcfed  the  scheiatic  diagraa  shown  in  figure  A. 2 
£Bef.  123-  This  affroach  divides  the  probiea  into  thiee 
stages.  In  stage  onc«  a  specific  model  is  suggested  as  the 
forecasting  method  best  suited  to  that  situation.  In  stage 
two,  that  suggested  scdel  is  fitted  to  the  historical  (time 
series)  data  and  the  suggested  model  is  checked  to  detecmine 
its  adeguacj.  If  the  model  is  not  adeguate,  the  analyst 
returns  to  stage  one,  and  an  alternative  model  is  proposed, 
ihen  an  adeguate  model  is  identified,  the  development  of  a 
forecast  fcr  some  fcture  time  period  is  conducted  in  stage 
three. 

An  autocorrelation  coefficient  is  similar  to  a 
correlation  coefficient  except  that  it  describes  the  associ¬ 
ation  amcng  values  cf  the  sate  variable  but  at  different 
time  periods.  The  autccorrelation  among  successive  values  of 
the  data  is  a  key  tccl  in  identifying  the  most  appropriate 
model  ccrresponding  to  the  basic  pattern  of  the  data. 
Correlaticn  implies  nothing  atout  a  change  in  one  variable 
causing  a  change  in  tie  other  variable. 

Ic  further  demonstrate,  we  can  construct  an  artifi¬ 
cial  variable  from  another  variable  by  changing  the  time 
origin  cf  the  data.  for  example,  dropping  the  first  value 
cf  *A'  and  letting  tie  second  value  be  the  starting  value  of 
*B*,  See  figure  A. 3  .  In  this  example  variables  *A'  and  'B* 
can  le  treated  as  twe  separate  and  distinct  variables  even 
though  they  came  frea  the  same  data  set.  In  this  example, 
*B*  has  a  time  lag  of  one  period  from  'A*.  This  same 
approach  can  be  expanded  to  create  additional  data  sets 
utilising  as  many  time  lags  is  as  deemed  necessary  for  iden¬ 
tifying  the  appropriate  model. 
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Figar«  1.2  fioz*‘J«akias  aethod. 
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Figarc  A.  3  Lagged  farialiles. 


He  c^ul  ccasidcr  vaziatles  *A*  and  *B*  as  tvo  vazi> 
allies  and  calculate  ttelr  cccrelation  coefficients.  A  coef- 
ficiect  cf  .80  beteeen  <A*  and  for  ezaaple,  would  iafly 
that  successive  values  of  *A*  with  one  period  (lag)  between 
then  ace  positively  correlated  with  each  other  and  terd  to 
■ove  in  the  sane  direction.  Siiilarly,  a  coefficient  of  -.70 
between  *A*  and  *B*  would  indicate  that  successive  values  of 
'A*  lagged  cnce  are  regatively  correlated  and  tend  to  neve 
in  oppesite  directiens.  Bowever#  since  variable  *£'  is 
actually  derived  froi  variable  *A*,  such  an  association  is 
called  ai:tc-(self-)  cccrelation. 

Autccorcelaticns  provide  significant  clues  about  the 
underlying  pattern  cf  a  data  set.  In  a  set  of  cctpletely 
randca  data  the  autccorcelaticns  aaong  successive  values 
will  be  clcse  to  zero,  but  data  values  of  strong  seasonal 
cuid/or  cyclical  character  will  be  highly  correlated. 

Figure  A. 4  [Bef.  13]  for  instance/  presents  the  autccorrela- 
tions  cf  different  tine  lags  of  monthly  teaperature  in 
laris.  Ihcse  autocorrelations  reveal  a  strong  seasonal 
pattern. 
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It  is  this  tjfe  of  inforaation  gained  fron  autcccr- 
relaticns  that  can  h€  utilized  hy  the  Box-Jenkios  affzoach 
to  identify  the  oftiiai  forecasting  model.  of  particular 
interest  is  that  the  analyst  needs  to  know  nothing  of  the 
data  set  or  its  patterns  to  obtain  its  autocorrelation  coef* 
ficients.  These  coefficients  can  be  used  to  describe  the 
data  set  and  assist  in  identifying  a  tentative  model  to  be 
fitted  tc  the  data. 

Shat  Figure  A. 4  implies  is  that  temperature  of 
months  tHelve  periods  apart  are  highly  correlated.  Although 
this  is  basically  intuitive,  if  this  were  not  previously 
known  the  autoccrrelations  would  be  of  significant  benefit 
in  suggesting  an  appropriate  model  to  describe  the  data 
pattern  £Bef.  13  ]• 

Eoz -Jenkins  Hcdel 

Ihe  Box* Jenkins  methodology  postulates  three  general 
classes  of  models  that  can  generally  describe  any  type  or 
pattern  cf  time  series  data: 

a.  Aotcregressive  (Ifi) 

b.  flowing  Average  (flA) 

c.  flixed  Autoregressive-fleving  Average  (ARHA) 

An  autoregressive  acdel  (AB)  has  the  form: 


(egn  A.1) 


where  I7 is  the  independent  variable,  high  guality  recruits, 
and  lr.|  ,fr-z  "independent"  variables. 

In  this  case  the  independent  variables  are  values  cf  the 
sane  variable,  but  of  previous  periods  (t- 1,t*2,t-3,..  .t*p) . 


finally  €  is  the  eiror  oc  lesidual  tero  that  xepiesents 
randoB  events  that  axe  not  explained  by  the  model.  Ihe 
xesidaals  (errors)  of  the  model  should  be  white  noise,  that 
is  they  should  have  a  mean  of  xero,  a  constant  variance  and 
he  unccrxelated  ever  time. 

Ihe  model  described  is  autoregressive  because  it  is 
similar  tc  the  regression  eguation 


Y=a*t,  1,  ♦hjXj  +  tjXjV.-.+b^ 


(egn  A. 2) 


except  that: 

. 

and  thus  the  independent  variables  are  only  lagged  values  of 
the  deperdait  variable  with  tiie  lags  of  1,  2,  3,...,  p 

periods.  Ihe  autoregression  model  is  siailar  in  function  and 
fora  tc  the  regression  eguation.  However  it  is  not  appro* 
priatc  tc  describe  all  possible  underlying  data  patterns  in 
time  series  analysis.  Thus,  the  Box*Jenlcins  approach  also 
considers  two  other  classes  cf  models. 

Ihe  Moving  Average  (HA)  model  has  the  form: 


'0s®r-8 

where  e^  is  the  error  or  residual  and  e^.,  ,  e^.^ 

,...,er.^sre  previous  values  of  the  error.  Ihis  isplies 
that  the  dependant  variable  X^  ,  depends  on  previous  values 
cf  the  exrcr  term  (e^.,  rather  than  on 

the  variable  itself.  Ihe  future  value  of  high  quality 
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€nlistiii€Gts  could  be  predicted  by  utilizing  the  erzci  of 
each  ci  several  past  predictioos.  In  the  same  manner  that 
autocorrelation  among  successive  values  of  Y  can  he  exam¬ 
ined*  the  autocorrelation  among  the  successive  values  of  the 
residuals  can  also  be  examined. 

Ihe  third  class  of  model  considered  hy  the 
Eox-Jenklns  methcdolcgy  is  a  mixed  model.  The  best  descrip¬ 
tion  of  the  pattern  of  data  may  be  provided  by  a  mixed 
process  cf  Afi  and  Hi  elements.  Ihe  general  mixed  mcdel  has 
the  ferm: 


(egn  A. 4) 


It  Is  evident  that  this  model  is  simply  the  AB  and  HA  models 
comblced.  It  suggests  that  future  values  of  high  guallty 
recruits  depend  cn  beth  past  values  of  high  guallty  enlist¬ 
ments  and  the  errors  between  forecasts  and  actual  values. 

5-  Identiffylt^g  a  Tentative  flodel 

It  Is  possible  to  suggest  some  specific  ABHA  (p*g) 
model  by  examining  the  autocorrelation  coefficients  and  a 
similar  set  of  peurameters*  the  partial  autocorrelatlcn  coef¬ 
ficients.  Partial  autccorrelatlcn  coefficients  are  analogous 
to  autccorrelatlcn  ccefflclents  In  that  they  Indicate  the 
relaticnshlp  of  the  values  In  a  time  series  to  varicus 
lagged  values  of  the  same  series.  However*  they  differ  frem 
autoccrrelatlons  In  that  they  are  computed  for  each  time  lag 
after  reiovlng  the  effect  of  all  other  time  lags  In  the 
given  time  lag  and  on  the  original  series.  In  essence*  they 
show  the  relationship  that  exists  for  varying  time  lags 
£fief.  8]. 
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Ccfflhixiations  cf  autocorrelation  and  partial  autcccr* 
relaticn  coefficients,  in  tbe  absence  of  randoaness,  can 
leveal  tbe  exact  ABHA  oodel.  Bandooness  cooplicates  tbe  task 
because  it  influences  tbe  values  of  tbe  autococxelation 
coefficients  and  may  cause  tbea  to  deviate  froa  tbeic  "true" 
pattern.  Ibis  aakes  xcdel  identification  more  difficult,  but 
generally  there  is  ercugb  information  available  to  select  an 
appropriate  model.  Even  if  there  is  a  mistake  at  this  point 
in  tbe  aralysis,  it  kill  be  found  when  a  test  of  tbe  scdel 
is  ccndccted.  Figures  A. 5  through  A. 9  demonstrate  tbe 
bebavicr  cf  tbe  tbecretical  autocorrelations  (ACs)  and 
partial  autccorcelaticns  (PACs)  for  each  aodel,  where  "BA" 
denotes  a  loving  average  model,  "SHA"  denotes  a  seasonal 
loving  average  acdel,  "Afi"  denotes  an  autoregressive  aodel 
and  "SID"  denctes  a  seasonal  autoregressive  acdel. 
£fie£.  10] 

Ibus  in  crder  to  forecast  a  tiae  series,  tbe  auto* 
correlaticns  and  partial  autocorrelations  aust  be  computed 
first.  Scietiaes  tbe  pattern  of  tbe  computed  autccorrela* 
tions  and  partial  a utccorre la tions  can  be  easily  classified 
as  cnc  of  tbe  theoretical  ones  described  below.  Ihe  identi* 
ficaticn  cf  an  apprepriate  aodel  is  then  relatively  easy  . 
ether  tixes,  soae  free  association  and  intuitive  judgeaent 
is  reguired  to  be  able  to  infer  a  pattern  froa  the  autcccr* 
relaticns,  or  acre  than  one  pattern  may  be  suggested.  In 
such  instances,  a  choice  can  be  made  based  on  gcodness  of 
fit  and  nuiber  cf  paraaeters  involved.  Once  a  tentative 
aodel  has  been  aade,  the  next  step  is  to  estimate  the  paraa* 
eters. 

m  ?ataiel££j 

Assuaing  that  the  tentative  aodel  is  an  ABBA  (1,1) 
its'  latbeaatical  fora  is 


(egj]  k,5) 


in  order  tc  utilize  this  model,  the  value  of  0  and  Q  must 
te  estimated.  Ihe  general  apfroach  is  to  start  with  seme 
estimated  initial  values  for  O  and  0  and  then  modify  them  by 
small  steps  while  olserving  the  sum  of  the  squared  errors 
4SSE)  .  Ihis  allows  the  direction  of  change  in  0  and  Q  that 
result  in  the  smallest  SSE  to  be  determined.  Eventually, 
the  0and  0  corresponding  to  the  minimum  SSE  are  found  and 
used  as  the  final  estimates  for  the  model.  The  next  step  is 
to  test  the  adequacy  cf  the  model. 

lestino  the  tcdel*s  Adequacy 

If  the  model  is  adequate,  the  residuals  (differ¬ 
ences)  between  the  time  series  values  and  those  estimated  by 
the  mcdel  mest  he  random  (white  noise).  The  autocorrelation 
coefficients  for  these  residuals  are  examined.  If  nene  of 
the  autccorrelation  coefficients  of  the  residuals  are 
significantly  different  from  zero  (plus  or  minus  two  stan¬ 
dard  errors),  the  errors  are  assumed  to  be  white  noise  and 
the  model  is  adequate.  If  the  autocorrelations  are  sot 
random,  the  analyst  must  return  to  step  two  and  select 
another  model. 
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Figazc  1.10  Afi(1)  1  SAB(1)  S«a8onai  Bodal  ACs  aad  PACs 
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Flgiix«  1.11  AB(2)  1  SIB(1)  S«asoAal  aod«l  iCs  and  fiCs 


Figaxc  1.13  HA (2)  2  SHA(1)  Seasonal  Model  ACs  and  fACs. 
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